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10�22 eV 1048 GeVm�
<latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit>

O(1)
<latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit>

↵SM
<latexit sha1_base64="O22W5kN366BpMgOvydTggUNPPQQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRixehov2AJoTNdtsu3d2E3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6ecaeN5387K6tr6xmZpq7y9s7tXcfcPWjrJFKFNkvBEdWKsKWeSNg0znHZSRbGIOW3Ho+up336kSrNEPphxSkOBB5L1GcHGSpFbCTBPhzjKAyXQ/e0kcqtezZsBLRO/IFUo0Ijcr6CXkExQaQjHWnd9LzVhjpVhhNNJOcg0TTEZ4QHtWiqxoDrMZ4dP0IlVeqifKFvSoJn6eyLHQuuxiG2nwGaoF72p+J/XzUz/MsyZTDNDJZkv6mccmQRNU0A9pigxfGwJJorZWxEZYoWJsVmVbQj+4svLpHVW872af3derV8VcZTgCI7hFHy4gDrcQAOaQCCDZ3iFN+fJeXHenY9564pTzBzCHzifP3u9kvU=</latexit><latexit sha1_base64="O22W5kN366BpMgOvydTggUNPPQQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRixehov2AJoTNdtsu3d2E3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6ecaeN5387K6tr6xmZpq7y9s7tXcfcPWjrJFKFNkvBEdWKsKWeSNg0znHZSRbGIOW3Ho+up336kSrNEPphxSkOBB5L1GcHGSpFbCTBPhzjKAyXQ/e0kcqtezZsBLRO/IFUo0Ijcr6CXkExQaQjHWnd9LzVhjpVhhNNJOcg0TTEZ4QHtWiqxoDrMZ4dP0IlVeqifKFvSoJn6eyLHQuuxiG2nwGaoF72p+J/XzUz/MsyZTDNDJZkv6mccmQRNU0A9pigxfGwJJorZWxEZYoWJsVmVbQj+4svLpHVW872af3derV8VcZTgCI7hFHy4gDrcQAOaQCCDZ3iFN+fJeXHenY9564pTzBzCHzifP3u9kvU=</latexit><latexit sha1_base64="O22W5kN366BpMgOvydTggUNPPQQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRixehov2AJoTNdtsu3d2E3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6ecaeN5387K6tr6xmZpq7y9s7tXcfcPWjrJFKFNkvBEdWKsKWeSNg0znHZSRbGIOW3Ho+up336kSrNEPphxSkOBB5L1GcHGSpFbCTBPhzjKAyXQ/e0kcqtezZsBLRO/IFUo0Ijcr6CXkExQaQjHWnd9LzVhjpVhhNNJOcg0TTEZ4QHtWiqxoDrMZ4dP0IlVeqifKFvSoJn6eyLHQuuxiG2nwGaoF72p+J/XzUz/MsyZTDNDJZkv6mccmQRNU0A9pigxfGwJJorZWxEZYoWJsVmVbQj+4svLpHVW872af3derV8VcZTgCI7hFHy4gDrcQAOaQCCDZ3iFN+fJeXHenY9564pTzBzCHzifP3u9kvU=</latexit><latexit sha1_base64="O22W5kN366BpMgOvydTggUNPPQQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRixehov2AJoTNdtsu3d2E3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6ecaeN5387K6tr6xmZpq7y9s7tXcfcPWjrJFKFNkvBEdWKsKWeSNg0znHZSRbGIOW3Ho+up336kSrNEPphxSkOBB5L1GcHGSpFbCTBPhzjKAyXQ/e0kcqtezZsBLRO/IFUo0Ijcr6CXkExQaQjHWnd9LzVhjpVhhNNJOcg0TTEZ4QHtWiqxoDrMZ4dP0IlVeqifKFvSoJn6eyLHQuuxiG2nwGaoF72p+J/XzUz/MsyZTDNDJZkv6mccmQRNU0A9pigxfGwJJorZWxEZYoWJsVmVbQj+4svLpHVW872af3derV8VcZTgCI7hFHy4gDrcQAOaQCCDZ3iFN+fJeXHenY9564pTzBzCHzifP3u9kvU=</latexit>

O(10�50)
<latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit>

O(1)
<latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit>

O(10�50)
<latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit>

↵self
<latexit sha1_base64="dFWJ1KCU2YJ7kNrjAJcemR3AN/0=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjgi6LblxWsA9ohyGTZtrQJDMkGaWM/RQ3LhRx65e4829M21lo64ELh3PuTe49UcqZNp737ZTW1jc2t8rblZ3dvf0Dt3rY1kmmCG2RhCeqG2FNOZO0ZZjhtJsqikXEaSca38z8zgNVmiXy3kxSGgg8lCxmBBsrhW61j3k6wmHeVwLZZ+Jp6Na8ujcHWiV+QWpQoBm6X/1BQjJBpSEca93zvdQEOVaGEU6nlX6maYrJGA9pz1KJBdVBPl99ik6tMkBxomxJg+bq74kcC60nIrKdApuRXvZm4n9eLzPxVZAzmWaGSrL4KM44Mgma5YAGTFFi+MQSTBSzuyIywgoTY9Oq2BD85ZNXSfu87nt1/+6i1rgu4ijDMZzAGfhwCQ24hSa0gMAjPMMrvDlPzovz7nwsWktOMXMEf+B8/gBlt5QT</latexit><latexit sha1_base64="dFWJ1KCU2YJ7kNrjAJcemR3AN/0=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjgi6LblxWsA9ohyGTZtrQJDMkGaWM/RQ3LhRx65e4829M21lo64ELh3PuTe49UcqZNp737ZTW1jc2t8rblZ3dvf0Dt3rY1kmmCG2RhCeqG2FNOZO0ZZjhtJsqikXEaSca38z8zgNVmiXy3kxSGgg8lCxmBBsrhW61j3k6wmHeVwLZZ+Jp6Na8ujcHWiV+QWpQoBm6X/1BQjJBpSEca93zvdQEOVaGEU6nlX6maYrJGA9pz1KJBdVBPl99ik6tMkBxomxJg+bq74kcC60nIrKdApuRXvZm4n9eLzPxVZAzmWaGSrL4KM44Mgma5YAGTFFi+MQSTBSzuyIywgoTY9Oq2BD85ZNXSfu87nt1/+6i1rgu4ijDMZzAGfhwCQ24hSa0gMAjPMMrvDlPzovz7nwsWktOMXMEf+B8/gBlt5QT</latexit><latexit sha1_base64="dFWJ1KCU2YJ7kNrjAJcemR3AN/0=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjgi6LblxWsA9ohyGTZtrQJDMkGaWM/RQ3LhRx65e4829M21lo64ELh3PuTe49UcqZNp737ZTW1jc2t8rblZ3dvf0Dt3rY1kmmCG2RhCeqG2FNOZO0ZZjhtJsqikXEaSca38z8zgNVmiXy3kxSGgg8lCxmBBsrhW61j3k6wmHeVwLZZ+Jp6Na8ujcHWiV+QWpQoBm6X/1BQjJBpSEca93zvdQEOVaGEU6nlX6maYrJGA9pz1KJBdVBPl99ik6tMkBxomxJg+bq74kcC60nIrKdApuRXvZm4n9eLzPxVZAzmWaGSrL4KM44Mgma5YAGTFFi+MQSTBSzuyIywgoTY9Oq2BD85ZNXSfu87nt1/+6i1rgu4ijDMZzAGfhwCQ24hSa0gMAjPMMrvDlPzovz7nwsWktOMXMEf+B8/gBlt5QT</latexit><latexit sha1_base64="dFWJ1KCU2YJ7kNrjAJcemR3AN/0=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjgi6LblxWsA9ohyGTZtrQJDMkGaWM/RQ3LhRx65e4829M21lo64ELh3PuTe49UcqZNp737ZTW1jc2t8rblZ3dvf0Dt3rY1kmmCG2RhCeqG2FNOZO0ZZjhtJsqikXEaSca38z8zgNVmiXy3kxSGgg8lCxmBBsrhW61j3k6wmHeVwLZZ+Jp6Na8ujcHWiV+QWpQoBm6X/1BQjJBpSEca93zvdQEOVaGEU6nlX6maYrJGA9pz1KJBdVBPl99ik6tMkBxomxJg+bq74kcC60nIrKdApuRXvZm4n9eLzPxVZAzmWaGSrL4KM44Mgma5YAGTFFi+MQSTBSzuyIywgoTY9Oq2BD85ZNXSfu87nt1/+6i1rgu4ijDMZzAGfhwCQ24hSa0gMAjPMMrvDlPzovz7nwsWktOMXMEf+B8/gBlt5QT</latexit>

????

NO

KING-SIZE



[1705.06655]

DIRECT DETECTION

ENR
<latexit sha1_base64="P8UwmYZ4/+gbgc826Mj/Yq6kFBw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FgUwZNUsR/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o6XlldW19cJGcXNre2e3tLffMCrVlNWpEkq3QmKY4JLVLbeCtRLNSBwK1gyHVxO/+cS04Uo+2FHCgpj0JY84JdZJjetudns/7pbKXsWbAi8SPydlyFHrlr46PUXTmElLBTGm7XuJDTKiLaeCjYud1LCE0CHps7ajksTMBNn02jE+dkoPR0q7khZP1d8TGYmNGcWh64yJHZh5byL+57VTG10EGZdJapmks0VRKrBVePI67nHNqBUjRwjV3N2K6YBoQq0LqOhC8OdfXiSN04rvVfy7s3L1Mo+jAIdwBCfgwzlU4QZqUAcKj/AMr/CGFHpB7+hj1rqE8pkD+AP0+QNRQY7y</latexit><latexit sha1_base64="P8UwmYZ4/+gbgc826Mj/Yq6kFBw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FgUwZNUsR/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o6XlldW19cJGcXNre2e3tLffMCrVlNWpEkq3QmKY4JLVLbeCtRLNSBwK1gyHVxO/+cS04Uo+2FHCgpj0JY84JdZJjetudns/7pbKXsWbAi8SPydlyFHrlr46PUXTmElLBTGm7XuJDTKiLaeCjYud1LCE0CHps7ajksTMBNn02jE+dkoPR0q7khZP1d8TGYmNGcWh64yJHZh5byL+57VTG10EGZdJapmks0VRKrBVePI67nHNqBUjRwjV3N2K6YBoQq0LqOhC8OdfXiSN04rvVfy7s3L1Mo+jAIdwBCfgwzlU4QZqUAcKj/AMr/CGFHpB7+hj1rqE8pkD+AP0+QNRQY7y</latexit><latexit sha1_base64="P8UwmYZ4/+gbgc826Mj/Yq6kFBw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FgUwZNUsR/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o6XlldW19cJGcXNre2e3tLffMCrVlNWpEkq3QmKY4JLVLbeCtRLNSBwK1gyHVxO/+cS04Uo+2FHCgpj0JY84JdZJjetudns/7pbKXsWbAi8SPydlyFHrlr46PUXTmElLBTGm7XuJDTKiLaeCjYud1LCE0CHps7ajksTMBNn02jE+dkoPR0q7khZP1d8TGYmNGcWh64yJHZh5byL+57VTG10EGZdJapmks0VRKrBVePI67nHNqBUjRwjV3N2K6YBoQq0LqOhC8OdfXiSN04rvVfy7s3L1Mo+jAIdwBCfgwzlU4QZqUAcKj/AMr/CGFHpB7+hj1rqE8pkD+AP0+QNRQY7y</latexit><latexit sha1_base64="P8UwmYZ4/+gbgc826Mj/Yq6kFBw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FgUwZNUsR/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o6XlldW19cJGcXNre2e3tLffMCrVlNWpEkq3QmKY4JLVLbeCtRLNSBwK1gyHVxO/+cS04Uo+2FHCgpj0JY84JdZJjetudns/7pbKXsWbAi8SPydlyFHrlr46PUXTmElLBTGm7XuJDTKiLaeCjYud1LCE0CHps7ajksTMBNn02jE+dkoPR0q7khZP1d8TGYmNGcWh64yJHZh5byL+57VTG10EGZdJapmks0VRKrBVePI67nHNqBUjRwjV3N2K6YBoQq0LqOhC8OdfXiSN04rvVfy7s3L1Mo+jAIdwBCfgwzlU4QZqUAcKj/AMr/CGFHpB7+hj1rqE8pkD+AP0+QNRQY7y</latexit>

ENR =
q2

2mN
⇡ 50 keV

⇣ m�

100 GeV

⌘2

<latexit sha1_base64="6IS2DmZE8A0zuc36XOC0tbEsbFY="></latexit><latexit sha1_base64="6IS2DmZE8A0zuc36XOC0tbEsbFY="></latexit><latexit sha1_base64="6IS2DmZE8A0zuc36XOC0tbEsbFY="></latexit><latexit sha1_base64="6IS2DmZE8A0zuc36XOC0tbEsbFY="></latexit>

�(p)
<latexit sha1_base64="QbflYxLwP04mlwz2j4xygDJ1niQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1WUjUdEXvVLZr/pzkFUS5KQMOeq90le3n7A05gqZpNZ2Al9jmFGDgkk+LXZTyzVlYzrkHUcVjbkNs/m5U3LulD4ZJMaVQjJXf09kNLZ2EkeuM6Y4ssveTPzP66Q4uAkzoXSKXLHFokEqCSZk9jvpC8MZyokjlBnhbiVsRA1l6BIquhCC5ZdXSfOyGvjV4OGqXLvN4yjAKZxBBQK4hhrcQx0awGAMz/AKb572Xrx372PRuublMyfwB97nD5iBjxE=</latexit><latexit sha1_base64="QbflYxLwP04mlwz2j4xygDJ1niQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1WUjUdEXvVLZr/pzkFUS5KQMOeq90le3n7A05gqZpNZ2Al9jmFGDgkk+LXZTyzVlYzrkHUcVjbkNs/m5U3LulD4ZJMaVQjJXf09kNLZ2EkeuM6Y4ssveTPzP66Q4uAkzoXSKXLHFokEqCSZk9jvpC8MZyokjlBnhbiVsRA1l6BIquhCC5ZdXSfOyGvjV4OGqXLvN4yjAKZxBBQK4hhrcQx0awGAMz/AKb572Xrx372PRuublMyfwB97nD5iBjxE=</latexit><latexit sha1_base64="QbflYxLwP04mlwz2j4xygDJ1niQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1WUjUdEXvVLZr/pzkFUS5KQMOeq90le3n7A05gqZpNZ2Al9jmFGDgkk+LXZTyzVlYzrkHUcVjbkNs/m5U3LulD4ZJMaVQjJXf09kNLZ2EkeuM6Y4ssveTPzP66Q4uAkzoXSKXLHFokEqCSZk9jvpC8MZyokjlBnhbiVsRA1l6BIquhCC5ZdXSfOyGvjV4OGqXLvN4yjAKZxBBQK4hhrcQx0awGAMz/AKb572Xrx372PRuublMyfwB97nD5iBjxE=</latexit><latexit sha1_base64="QbflYxLwP04mlwz2j4xygDJ1niQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1WUjUdEXvVLZr/pzkFUS5KQMOeq90le3n7A05gqZpNZ2Al9jmFGDgkk+LXZTyzVlYzrkHUcVjbkNs/m5U3LulD4ZJMaVQjJXf09kNLZ2EkeuM6Y4ssveTPzP66Q4uAkzoXSKXLHFokEqCSZk9jvpC8MZyokjlBnhbiVsRA1l6BIquhCC5ZdXSfOyGvjV4OGqXLvN4yjAKZxBBQK4hhrcQx0awGAMz/AKb572Xrx372PRuublMyfwB97nD5iBjxE=</latexit>

�(p0)
<latexit sha1_base64="ugoKgJrl01Hwe0+aNUTskx5V2H0=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WvXisYD+guy3ZdLYNTXZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjlk5SRaFJE56oTkg0cBZD0zDDoSMVEBFyaIfj25nffgSlWRI/mImEQJBhzCJGibFSz6cjVpU9Xyom4Lxfrrg1dw68SrycVFCORr/85Q8SmgqIDeVE667nShNkRBlGOUxLfqpBEjomQ+haGhMBOsjmV0/xmVUGOEqUrdjgufp7IiNC64kIbacgZqSXvZn4n9dNTXQdZCyWqYGYLhZFKccmwbMI8IApoIZPLCFUMXsrpiOiCDU2qJINwVt+eZW0LmqeW/PuLyv1mzyOIjpBp6iKPHSF6ugONVATUaTQM3pFb86T8+K8Ox+L1oKTzxyjP3A+fwADtZIu</latexit><latexit sha1_base64="ugoKgJrl01Hwe0+aNUTskx5V2H0=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WvXisYD+guy3ZdLYNTXZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjlk5SRaFJE56oTkg0cBZD0zDDoSMVEBFyaIfj25nffgSlWRI/mImEQJBhzCJGibFSz6cjVpU9Xyom4Lxfrrg1dw68SrycVFCORr/85Q8SmgqIDeVE667nShNkRBlGOUxLfqpBEjomQ+haGhMBOsjmV0/xmVUGOEqUrdjgufp7IiNC64kIbacgZqSXvZn4n9dNTXQdZCyWqYGYLhZFKccmwbMI8IApoIZPLCFUMXsrpiOiCDU2qJINwVt+eZW0LmqeW/PuLyv1mzyOIjpBp6iKPHSF6ugONVATUaTQM3pFb86T8+K8Ox+L1oKTzxyjP3A+fwADtZIu</latexit><latexit sha1_base64="ugoKgJrl01Hwe0+aNUTskx5V2H0=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WvXisYD+guy3ZdLYNTXZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjlk5SRaFJE56oTkg0cBZD0zDDoSMVEBFyaIfj25nffgSlWRI/mImEQJBhzCJGibFSz6cjVpU9Xyom4Lxfrrg1dw68SrycVFCORr/85Q8SmgqIDeVE667nShNkRBlGOUxLfqpBEjomQ+haGhMBOsjmV0/xmVUGOEqUrdjgufp7IiNC64kIbacgZqSXvZn4n9dNTXQdZCyWqYGYLhZFKccmwbMI8IApoIZPLCFUMXsrpiOiCDU2qJINwVt+eZW0LmqeW/PuLyv1mzyOIjpBp6iKPHSF6ugONVATUaTQM3pFb86T8+K8Ox+L1oKTzxyjP3A+fwADtZIu</latexit><latexit sha1_base64="ugoKgJrl01Hwe0+aNUTskx5V2H0=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WvXisYD+guy3ZdLYNTXZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjlk5SRaFJE56oTkg0cBZD0zDDoSMVEBFyaIfj25nffgSlWRI/mImEQJBhzCJGibFSz6cjVpU9Xyom4Lxfrrg1dw68SrycVFCORr/85Q8SmgqIDeVE667nShNkRBlGOUxLfqpBEjomQ+haGhMBOsjmV0/xmVUGOEqUrdjgufp7IiNC64kIbacgZqSXvZn4n9dNTXQdZCyWqYGYLhZFKccmwbMI8IApoIZPLCFUMXsrpiOiCDU2qJINwVt+eZW0LmqeW/PuLyv1mzyOIjpBp6iKPHSF6ugONVATUaTQM3pFb86T8+K8Ox+L1oKTzxyjP3A+fwADtZIu</latexit>

~q = ~p� ~p0
<latexit sha1_base64="rTSROxgrM3jx5fN1tHvvi+i8YXI=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIbiyJCLoRim5cVrAXaGKZTE/aoTNJnJkUSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/EHCmdKO820tLC4tr6wW1orrG5tb2/bObl3FqaRQozGPZTMgCjiLoKaZ5tBMJBARcGgE/etJvTEAqVgc3elhAr4g3YiFjBJtrLZ94A2A4gd8iTNI8EkO914imYC2XXLKTiY8D24OJZSr2ra/vE5MUwGRppwo1XKdRPsjIjWjHMZFL1WQENonXWgZjIgA5Y+yQ8b4yDgdHMbSvEjjzP09MSJCqaEITKcguqdmaxPzv1or1eGFP2JRkmqI6HRRmHKsYzxJBXeYBKr50AChkpm/YtojklBtsiuaENzZk+ehflp2nbJ7e1aqXOVxFNA+OkTHyEXnqIJuUBXVEEWP6Bm9ojfryXqx3q2PaeuClc/soT+yPn8AHQGYIQ==</latexit><latexit sha1_base64="rTSROxgrM3jx5fN1tHvvi+i8YXI=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIbiyJCLoRim5cVrAXaGKZTE/aoTNJnJkUSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/EHCmdKO820tLC4tr6wW1orrG5tb2/bObl3FqaRQozGPZTMgCjiLoKaZ5tBMJBARcGgE/etJvTEAqVgc3elhAr4g3YiFjBJtrLZ94A2A4gd8iTNI8EkO914imYC2XXLKTiY8D24OJZSr2ra/vE5MUwGRppwo1XKdRPsjIjWjHMZFL1WQENonXWgZjIgA5Y+yQ8b4yDgdHMbSvEjjzP09MSJCqaEITKcguqdmaxPzv1or1eGFP2JRkmqI6HRRmHKsYzxJBXeYBKr50AChkpm/YtojklBtsiuaENzZk+ehflp2nbJ7e1aqXOVxFNA+OkTHyEXnqIJuUBXVEEWP6Bm9ojfryXqx3q2PaeuClc/soT+yPn8AHQGYIQ==</latexit><latexit sha1_base64="rTSROxgrM3jx5fN1tHvvi+i8YXI=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIbiyJCLoRim5cVrAXaGKZTE/aoTNJnJkUSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/EHCmdKO820tLC4tr6wW1orrG5tb2/bObl3FqaRQozGPZTMgCjiLoKaZ5tBMJBARcGgE/etJvTEAqVgc3elhAr4g3YiFjBJtrLZ94A2A4gd8iTNI8EkO914imYC2XXLKTiY8D24OJZSr2ra/vE5MUwGRppwo1XKdRPsjIjWjHMZFL1WQENonXWgZjIgA5Y+yQ8b4yDgdHMbSvEjjzP09MSJCqaEITKcguqdmaxPzv1or1eGFP2JRkmqI6HRRmHKsYzxJBXeYBKr50AChkpm/YtojklBtsiuaENzZk+ehflp2nbJ7e1aqXOVxFNA+OkTHyEXnqIJuUBXVEEWP6Bm9ojfryXqx3q2PaeuClc/soT+yPn8AHQGYIQ==</latexit><latexit sha1_base64="rTSROxgrM3jx5fN1tHvvi+i8YXI=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIbiyJCLoRim5cVrAXaGKZTE/aoTNJnJkUSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/EHCmdKO820tLC4tr6wW1orrG5tb2/bObl3FqaRQozGPZTMgCjiLoKaZ5tBMJBARcGgE/etJvTEAqVgc3elhAr4g3YiFjBJtrLZ94A2A4gd8iTNI8EkO914imYC2XXLKTiY8D24OJZSr2ra/vE5MUwGRppwo1XKdRPsjIjWjHMZFL1WQENonXWgZjIgA5Y+yQ8b4yDgdHMbSvEjjzP09MSJCqaEITKcguqdmaxPzv1or1eGFP2JRkmqI6HRRmHKsYzxJBXeYBKr50AChkpm/YtojklBtsiuaENzZk+ehflp2nbJ7e1aqXOVxFNA+OkTHyEXnqIJuUBXVEEWP6Bm9ojfryXqx3q2PaeuClc/soT+yPn8AHQGYIQ==</latexit>



DIRECT DETECTION

ENR
<latexit sha1_base64="P8UwmYZ4/+gbgc826Mj/Yq6kFBw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FgUwZNUsR/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o6XlldW19cJGcXNre2e3tLffMCrVlNWpEkq3QmKY4JLVLbeCtRLNSBwK1gyHVxO/+cS04Uo+2FHCgpj0JY84JdZJjetudns/7pbKXsWbAi8SPydlyFHrlr46PUXTmElLBTGm7XuJDTKiLaeCjYud1LCE0CHps7ajksTMBNn02jE+dkoPR0q7khZP1d8TGYmNGcWh64yJHZh5byL+57VTG10EGZdJapmks0VRKrBVePI67nHNqBUjRwjV3N2K6YBoQq0LqOhC8OdfXiSN04rvVfy7s3L1Mo+jAIdwBCfgwzlU4QZqUAcKj/AMr/CGFHpB7+hj1rqE8pkD+AP0+QNRQY7y</latexit><latexit sha1_base64="P8UwmYZ4/+gbgc826Mj/Yq6kFBw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FgUwZNUsR/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o6XlldW19cJGcXNre2e3tLffMCrVlNWpEkq3QmKY4JLVLbeCtRLNSBwK1gyHVxO/+cS04Uo+2FHCgpj0JY84JdZJjetudns/7pbKXsWbAi8SPydlyFHrlr46PUXTmElLBTGm7XuJDTKiLaeCjYud1LCE0CHps7ajksTMBNn02jE+dkoPR0q7khZP1d8TGYmNGcWh64yJHZh5byL+57VTG10EGZdJapmks0VRKrBVePI67nHNqBUjRwjV3N2K6YBoQq0LqOhC8OdfXiSN04rvVfy7s3L1Mo+jAIdwBCfgwzlU4QZqUAcKj/AMr/CGFHpB7+hj1rqE8pkD+AP0+QNRQY7y</latexit><latexit sha1_base64="P8UwmYZ4/+gbgc826Mj/Yq6kFBw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FgUwZNUsR/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o6XlldW19cJGcXNre2e3tLffMCrVlNWpEkq3QmKY4JLVLbeCtRLNSBwK1gyHVxO/+cS04Uo+2FHCgpj0JY84JdZJjetudns/7pbKXsWbAi8SPydlyFHrlr46PUXTmElLBTGm7XuJDTKiLaeCjYud1LCE0CHps7ajksTMBNn02jE+dkoPR0q7khZP1d8TGYmNGcWh64yJHZh5byL+57VTG10EGZdJapmks0VRKrBVePI67nHNqBUjRwjV3N2K6YBoQq0LqOhC8OdfXiSN04rvVfy7s3L1Mo+jAIdwBCfgwzlU4QZqUAcKj/AMr/CGFHpB7+hj1rqE8pkD+AP0+QNRQY7y</latexit><latexit sha1_base64="P8UwmYZ4/+gbgc826Mj/Yq6kFBw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FgUwZNUsR/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o6XlldW19cJGcXNre2e3tLffMCrVlNWpEkq3QmKY4JLVLbeCtRLNSBwK1gyHVxO/+cS04Uo+2FHCgpj0JY84JdZJjetudns/7pbKXsWbAi8SPydlyFHrlr46PUXTmElLBTGm7XuJDTKiLaeCjYud1LCE0CHps7ajksTMBNn02jE+dkoPR0q7khZP1d8TGYmNGcWh64yJHZh5byL+57VTG10EGZdJapmks0VRKrBVePI67nHNqBUjRwjV3N2K6YBoQq0LqOhC8OdfXiSN04rvVfy7s3L1Mo+jAIdwBCfgwzlU4QZqUAcKj/AMr/CGFHpB7+hj1rqE8pkD+AP0+QNRQY7y</latexit>

�(p)
<latexit sha1_base64="QbflYxLwP04mlwz2j4xygDJ1niQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1WUjUdEXvVLZr/pzkFUS5KQMOeq90le3n7A05gqZpNZ2Al9jmFGDgkk+LXZTyzVlYzrkHUcVjbkNs/m5U3LulD4ZJMaVQjJXf09kNLZ2EkeuM6Y4ssveTPzP66Q4uAkzoXSKXLHFokEqCSZk9jvpC8MZyokjlBnhbiVsRA1l6BIquhCC5ZdXSfOyGvjV4OGqXLvN4yjAKZxBBQK4hhrcQx0awGAMz/AKb572Xrx372PRuublMyfwB97nD5iBjxE=</latexit><latexit sha1_base64="QbflYxLwP04mlwz2j4xygDJ1niQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1WUjUdEXvVLZr/pzkFUS5KQMOeq90le3n7A05gqZpNZ2Al9jmFGDgkk+LXZTyzVlYzrkHUcVjbkNs/m5U3LulD4ZJMaVQjJXf09kNLZ2EkeuM6Y4ssveTPzP66Q4uAkzoXSKXLHFokEqCSZk9jvpC8MZyokjlBnhbiVsRA1l6BIquhCC5ZdXSfOyGvjV4OGqXLvN4yjAKZxBBQK4hhrcQx0awGAMz/AKb572Xrx372PRuublMyfwB97nD5iBjxE=</latexit><latexit sha1_base64="QbflYxLwP04mlwz2j4xygDJ1niQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1WUjUdEXvVLZr/pzkFUS5KQMOeq90le3n7A05gqZpNZ2Al9jmFGDgkk+LXZTyzVlYzrkHUcVjbkNs/m5U3LulD4ZJMaVQjJXf09kNLZ2EkeuM6Y4ssveTPzP66Q4uAkzoXSKXLHFokEqCSZk9jvpC8MZyokjlBnhbiVsRA1l6BIquhCC5ZdXSfOyGvjV4OGqXLvN4yjAKZxBBQK4hhrcQx0awGAMz/AKb572Xrx372PRuublMyfwB97nD5iBjxE=</latexit><latexit sha1_base64="QbflYxLwP04mlwz2j4xygDJ1niQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1WUjUdEXvVLZr/pzkFUS5KQMOeq90le3n7A05gqZpNZ2Al9jmFGDgkk+LXZTyzVlYzrkHUcVjbkNs/m5U3LulD4ZJMaVQjJXf09kNLZ2EkeuM6Y4ssveTPzP66Q4uAkzoXSKXLHFokEqCSZk9jvpC8MZyokjlBnhbiVsRA1l6BIquhCC5ZdXSfOyGvjV4OGqXLvN4yjAKZxBBQK4hhrcQx0awGAMz/AKb572Xrx372PRuublMyfwB97nD5iBjxE=</latexit>

�(p0)
<latexit sha1_base64="ugoKgJrl01Hwe0+aNUTskx5V2H0=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WvXisYD+guy3ZdLYNTXZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjlk5SRaFJE56oTkg0cBZD0zDDoSMVEBFyaIfj25nffgSlWRI/mImEQJBhzCJGibFSz6cjVpU9Xyom4Lxfrrg1dw68SrycVFCORr/85Q8SmgqIDeVE667nShNkRBlGOUxLfqpBEjomQ+haGhMBOsjmV0/xmVUGOEqUrdjgufp7IiNC64kIbacgZqSXvZn4n9dNTXQdZCyWqYGYLhZFKccmwbMI8IApoIZPLCFUMXsrpiOiCDU2qJINwVt+eZW0LmqeW/PuLyv1mzyOIjpBp6iKPHSF6ugONVATUaTQM3pFb86T8+K8Ox+L1oKTzxyjP3A+fwADtZIu</latexit><latexit sha1_base64="ugoKgJrl01Hwe0+aNUTskx5V2H0=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WvXisYD+guy3ZdLYNTXZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjlk5SRaFJE56oTkg0cBZD0zDDoSMVEBFyaIfj25nffgSlWRI/mImEQJBhzCJGibFSz6cjVpU9Xyom4Lxfrrg1dw68SrycVFCORr/85Q8SmgqIDeVE667nShNkRBlGOUxLfqpBEjomQ+haGhMBOsjmV0/xmVUGOEqUrdjgufp7IiNC64kIbacgZqSXvZn4n9dNTXQdZCyWqYGYLhZFKccmwbMI8IApoIZPLCFUMXsrpiOiCDU2qJINwVt+eZW0LmqeW/PuLyv1mzyOIjpBp6iKPHSF6ugONVATUaTQM3pFb86T8+K8Ox+L1oKTzxyjP3A+fwADtZIu</latexit><latexit sha1_base64="ugoKgJrl01Hwe0+aNUTskx5V2H0=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WvXisYD+guy3ZdLYNTXZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjlk5SRaFJE56oTkg0cBZD0zDDoSMVEBFyaIfj25nffgSlWRI/mImEQJBhzCJGibFSz6cjVpU9Xyom4Lxfrrg1dw68SrycVFCORr/85Q8SmgqIDeVE667nShNkRBlGOUxLfqpBEjomQ+haGhMBOsjmV0/xmVUGOEqUrdjgufp7IiNC64kIbacgZqSXvZn4n9dNTXQdZCyWqYGYLhZFKccmwbMI8IApoIZPLCFUMXsrpiOiCDU2qJINwVt+eZW0LmqeW/PuLyv1mzyOIjpBp6iKPHSF6ugONVATUaTQM3pFb86T8+K8Ox+L1oKTzxyjP3A+fwADtZIu</latexit><latexit sha1_base64="ugoKgJrl01Hwe0+aNUTskx5V2H0=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WvXisYD+guy3ZdLYNTXZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjlk5SRaFJE56oTkg0cBZD0zDDoSMVEBFyaIfj25nffgSlWRI/mImEQJBhzCJGibFSz6cjVpU9Xyom4Lxfrrg1dw68SrycVFCORr/85Q8SmgqIDeVE667nShNkRBlGOUxLfqpBEjomQ+haGhMBOsjmV0/xmVUGOEqUrdjgufp7IiNC64kIbacgZqSXvZn4n9dNTXQdZCyWqYGYLhZFKccmwbMI8IApoIZPLCFUMXsrpiOiCDU2qJINwVt+eZW0LmqeW/PuLyv1mzyOIjpBp6iKPHSF6ugONVATUaTQM3pFb86T8+K8Ox+L1oKTzxyjP3A+fwADtZIu</latexit>

~q = ~p� ~p0
<latexit sha1_base64="rTSROxgrM3jx5fN1tHvvi+i8YXI=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIbiyJCLoRim5cVrAXaGKZTE/aoTNJnJkUSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/EHCmdKO820tLC4tr6wW1orrG5tb2/bObl3FqaRQozGPZTMgCjiLoKaZ5tBMJBARcGgE/etJvTEAqVgc3elhAr4g3YiFjBJtrLZ94A2A4gd8iTNI8EkO914imYC2XXLKTiY8D24OJZSr2ra/vE5MUwGRppwo1XKdRPsjIjWjHMZFL1WQENonXWgZjIgA5Y+yQ8b4yDgdHMbSvEjjzP09MSJCqaEITKcguqdmaxPzv1or1eGFP2JRkmqI6HRRmHKsYzxJBXeYBKr50AChkpm/YtojklBtsiuaENzZk+ehflp2nbJ7e1aqXOVxFNA+OkTHyEXnqIJuUBXVEEWP6Bm9ojfryXqx3q2PaeuClc/soT+yPn8AHQGYIQ==</latexit><latexit sha1_base64="rTSROxgrM3jx5fN1tHvvi+i8YXI=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIbiyJCLoRim5cVrAXaGKZTE/aoTNJnJkUSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/EHCmdKO820tLC4tr6wW1orrG5tb2/bObl3FqaRQozGPZTMgCjiLoKaZ5tBMJBARcGgE/etJvTEAqVgc3elhAr4g3YiFjBJtrLZ94A2A4gd8iTNI8EkO914imYC2XXLKTiY8D24OJZSr2ra/vE5MUwGRppwo1XKdRPsjIjWjHMZFL1WQENonXWgZjIgA5Y+yQ8b4yDgdHMbSvEjjzP09MSJCqaEITKcguqdmaxPzv1or1eGFP2JRkmqI6HRRmHKsYzxJBXeYBKr50AChkpm/YtojklBtsiuaENzZk+ehflp2nbJ7e1aqXOVxFNA+OkTHyEXnqIJuUBXVEEWP6Bm9ojfryXqx3q2PaeuClc/soT+yPn8AHQGYIQ==</latexit><latexit sha1_base64="rTSROxgrM3jx5fN1tHvvi+i8YXI=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIbiyJCLoRim5cVrAXaGKZTE/aoTNJnJkUSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/EHCmdKO820tLC4tr6wW1orrG5tb2/bObl3FqaRQozGPZTMgCjiLoKaZ5tBMJBARcGgE/etJvTEAqVgc3elhAr4g3YiFjBJtrLZ94A2A4gd8iTNI8EkO914imYC2XXLKTiY8D24OJZSr2ra/vE5MUwGRppwo1XKdRPsjIjWjHMZFL1WQENonXWgZjIgA5Y+yQ8b4yDgdHMbSvEjjzP09MSJCqaEITKcguqdmaxPzv1or1eGFP2JRkmqI6HRRmHKsYzxJBXeYBKr50AChkpm/YtojklBtsiuaENzZk+ehflp2nbJ7e1aqXOVxFNA+OkTHyEXnqIJuUBXVEEWP6Bm9ojfryXqx3q2PaeuClc/soT+yPn8AHQGYIQ==</latexit><latexit sha1_base64="rTSROxgrM3jx5fN1tHvvi+i8YXI=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIbiyJCLoRim5cVrAXaGKZTE/aoTNJnJkUSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/EHCmdKO820tLC4tr6wW1orrG5tb2/bObl3FqaRQozGPZTMgCjiLoKaZ5tBMJBARcGgE/etJvTEAqVgc3elhAr4g3YiFjBJtrLZ94A2A4gd8iTNI8EkO914imYC2XXLKTiY8D24OJZSr2ra/vE5MUwGRppwo1XKdRPsjIjWjHMZFL1WQENonXWgZjIgA5Y+yQ8b4yDgdHMbSvEjjzP09MSJCqaEITKcguqdmaxPzv1or1eGFP2JRkmqI6HRRmHKsYzxJBXeYBKr50AChkpm/YtojklBtsiuaENzZk+ehflp2nbJ7e1aqXOVxFNA+OkTHyEXnqIJuUBXVEEWP6Bm9ojfryXqx3q2PaeuClc/soT+yPn8AHQGYIQ==</latexit>

[1705.06655]

ENR =
q2

2mN
⇡ 50 keV

⇣ m�

100 GeV

⌘2

<latexit sha1_base64="6IS2DmZE8A0zuc36XOC0tbEsbFY="></latexit><latexit sha1_base64="6IS2DmZE8A0zuc36XOC0tbEsbFY="></latexit><latexit sha1_base64="6IS2DmZE8A0zuc36XOC0tbEsbFY="></latexit><latexit sha1_base64="6IS2DmZE8A0zuc36XOC0tbEsbFY="></latexit>



ELECTRON DIRECT DETECTION
[1707.04591]

�(p)
<latexit sha1_base64="QbflYxLwP04mlwz2j4xygDJ1niQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1WUjUdEXvVLZr/pzkFUS5KQMOeq90le3n7A05gqZpNZ2Al9jmFGDgkk+LXZTyzVlYzrkHUcVjbkNs/m5U3LulD4ZJMaVQjJXf09kNLZ2EkeuM6Y4ssveTPzP66Q4uAkzoXSKXLHFokEqCSZk9jvpC8MZyokjlBnhbiVsRA1l6BIquhCC5ZdXSfOyGvjV4OGqXLvN4yjAKZxBBQK4hhrcQx0awGAMz/AKb572Xrx372PRuublMyfwB97nD5iBjxE=</latexit><latexit sha1_base64="QbflYxLwP04mlwz2j4xygDJ1niQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1WUjUdEXvVLZr/pzkFUS5KQMOeq90le3n7A05gqZpNZ2Al9jmFGDgkk+LXZTyzVlYzrkHUcVjbkNs/m5U3LulD4ZJMaVQjJXf09kNLZ2EkeuM6Y4ssveTPzP66Q4uAkzoXSKXLHFokEqCSZk9jvpC8MZyokjlBnhbiVsRA1l6BIquhCC5ZdXSfOyGvjV4OGqXLvN4yjAKZxBBQK4hhrcQx0awGAMz/AKb572Xrx372PRuublMyfwB97nD5iBjxE=</latexit><latexit sha1_base64="QbflYxLwP04mlwz2j4xygDJ1niQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1WUjUdEXvVLZr/pzkFUS5KQMOeq90le3n7A05gqZpNZ2Al9jmFGDgkk+LXZTyzVlYzrkHUcVjbkNs/m5U3LulD4ZJMaVQjJXf09kNLZ2EkeuM6Y4ssveTPzP66Q4uAkzoXSKXLHFokEqCSZk9jvpC8MZyokjlBnhbiVsRA1l6BIquhCC5ZdXSfOyGvjV4OGqXLvN4yjAKZxBBQK4hhrcQx0awGAMz/AKb572Xrx372PRuublMyfwB97nD5iBjxE=</latexit><latexit sha1_base64="QbflYxLwP04mlwz2j4xygDJ1niQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1WUjUdEXvVLZr/pzkFUS5KQMOeq90le3n7A05gqZpNZ2Al9jmFGDgkk+LXZTyzVlYzrkHUcVjbkNs/m5U3LulD4ZJMaVQjJXf09kNLZ2EkeuM6Y4ssveTPzP66Q4uAkzoXSKXLHFokEqCSZk9jvpC8MZyokjlBnhbiVsRA1l6BIquhCC5ZdXSfOyGvjV4OGqXLvN4yjAKZxBBQK4hhrcQx0awGAMz/AKb572Xrx372PRuublMyfwB97nD5iBjxE=</latexit>

�(p0)
<latexit sha1_base64="ugoKgJrl01Hwe0+aNUTskx5V2H0=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WvXisYD+guy3ZdLYNTXZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjlk5SRaFJE56oTkg0cBZD0zDDoSMVEBFyaIfj25nffgSlWRI/mImEQJBhzCJGibFSz6cjVpU9Xyom4Lxfrrg1dw68SrycVFCORr/85Q8SmgqIDeVE667nShNkRBlGOUxLfqpBEjomQ+haGhMBOsjmV0/xmVUGOEqUrdjgufp7IiNC64kIbacgZqSXvZn4n9dNTXQdZCyWqYGYLhZFKccmwbMI8IApoIZPLCFUMXsrpiOiCDU2qJINwVt+eZW0LmqeW/PuLyv1mzyOIjpBp6iKPHSF6ugONVATUaTQM3pFb86T8+K8Ox+L1oKTzxyjP3A+fwADtZIu</latexit><latexit sha1_base64="ugoKgJrl01Hwe0+aNUTskx5V2H0=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WvXisYD+guy3ZdLYNTXZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjlk5SRaFJE56oTkg0cBZD0zDDoSMVEBFyaIfj25nffgSlWRI/mImEQJBhzCJGibFSz6cjVpU9Xyom4Lxfrrg1dw68SrycVFCORr/85Q8SmgqIDeVE667nShNkRBlGOUxLfqpBEjomQ+haGhMBOsjmV0/xmVUGOEqUrdjgufp7IiNC64kIbacgZqSXvZn4n9dNTXQdZCyWqYGYLhZFKccmwbMI8IApoIZPLCFUMXsrpiOiCDU2qJINwVt+eZW0LmqeW/PuLyv1mzyOIjpBp6iKPHSF6ugONVATUaTQM3pFb86T8+K8Ox+L1oKTzxyjP3A+fwADtZIu</latexit><latexit sha1_base64="ugoKgJrl01Hwe0+aNUTskx5V2H0=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WvXisYD+guy3ZdLYNTXZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjlk5SRaFJE56oTkg0cBZD0zDDoSMVEBFyaIfj25nffgSlWRI/mImEQJBhzCJGibFSz6cjVpU9Xyom4Lxfrrg1dw68SrycVFCORr/85Q8SmgqIDeVE667nShNkRBlGOUxLfqpBEjomQ+haGhMBOsjmV0/xmVUGOEqUrdjgufp7IiNC64kIbacgZqSXvZn4n9dNTXQdZCyWqYGYLhZFKccmwbMI8IApoIZPLCFUMXsrpiOiCDU2qJINwVt+eZW0LmqeW/PuLyv1mzyOIjpBp6iKPHSF6ugONVATUaTQM3pFb86T8+K8Ox+L1oKTzxyjP3A+fwADtZIu</latexit><latexit sha1_base64="ugoKgJrl01Hwe0+aNUTskx5V2H0=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WvXisYD+guy3ZdLYNTXZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjlk5SRaFJE56oTkg0cBZD0zDDoSMVEBFyaIfj25nffgSlWRI/mImEQJBhzCJGibFSz6cjVpU9Xyom4Lxfrrg1dw68SrycVFCORr/85Q8SmgqIDeVE667nShNkRBlGOUxLfqpBEjomQ+haGhMBOsjmV0/xmVUGOEqUrdjgufp7IiNC64kIbacgZqSXvZn4n9dNTXQdZCyWqYGYLhZFKccmwbMI8IApoIZPLCFUMXsrpiOiCDU2qJINwVt+eZW0LmqeW/PuLyv1mzyOIjpBp6iKPHSF6ugONVATUaTQM3pFb86T8+K8Ox+L1oKTzxyjP3A+fwADtZIu</latexit>

~q = ~p� ~p0
<latexit sha1_base64="rTSROxgrM3jx5fN1tHvvi+i8YXI=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIbiyJCLoRim5cVrAXaGKZTE/aoTNJnJkUSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/EHCmdKO820tLC4tr6wW1orrG5tb2/bObl3FqaRQozGPZTMgCjiLoKaZ5tBMJBARcGgE/etJvTEAqVgc3elhAr4g3YiFjBJtrLZ94A2A4gd8iTNI8EkO914imYC2XXLKTiY8D24OJZSr2ra/vE5MUwGRppwo1XKdRPsjIjWjHMZFL1WQENonXWgZjIgA5Y+yQ8b4yDgdHMbSvEjjzP09MSJCqaEITKcguqdmaxPzv1or1eGFP2JRkmqI6HRRmHKsYzxJBXeYBKr50AChkpm/YtojklBtsiuaENzZk+ehflp2nbJ7e1aqXOVxFNA+OkTHyEXnqIJuUBXVEEWP6Bm9ojfryXqx3q2PaeuClc/soT+yPn8AHQGYIQ==</latexit><latexit sha1_base64="rTSROxgrM3jx5fN1tHvvi+i8YXI=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIbiyJCLoRim5cVrAXaGKZTE/aoTNJnJkUSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/EHCmdKO820tLC4tr6wW1orrG5tb2/bObl3FqaRQozGPZTMgCjiLoKaZ5tBMJBARcGgE/etJvTEAqVgc3elhAr4g3YiFjBJtrLZ94A2A4gd8iTNI8EkO914imYC2XXLKTiY8D24OJZSr2ra/vE5MUwGRppwo1XKdRPsjIjWjHMZFL1WQENonXWgZjIgA5Y+yQ8b4yDgdHMbSvEjjzP09MSJCqaEITKcguqdmaxPzv1or1eGFP2JRkmqI6HRRmHKsYzxJBXeYBKr50AChkpm/YtojklBtsiuaENzZk+ehflp2nbJ7e1aqXOVxFNA+OkTHyEXnqIJuUBXVEEWP6Bm9ojfryXqx3q2PaeuClc/soT+yPn8AHQGYIQ==</latexit><latexit sha1_base64="rTSROxgrM3jx5fN1tHvvi+i8YXI=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIbiyJCLoRim5cVrAXaGKZTE/aoTNJnJkUSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/EHCmdKO820tLC4tr6wW1orrG5tb2/bObl3FqaRQozGPZTMgCjiLoKaZ5tBMJBARcGgE/etJvTEAqVgc3elhAr4g3YiFjBJtrLZ94A2A4gd8iTNI8EkO914imYC2XXLKTiY8D24OJZSr2ra/vE5MUwGRppwo1XKdRPsjIjWjHMZFL1WQENonXWgZjIgA5Y+yQ8b4yDgdHMbSvEjjzP09MSJCqaEITKcguqdmaxPzv1or1eGFP2JRkmqI6HRRmHKsYzxJBXeYBKr50AChkpm/YtojklBtsiuaENzZk+ehflp2nbJ7e1aqXOVxFNA+OkTHyEXnqIJuUBXVEEWP6Bm9ojfryXqx3q2PaeuClc/soT+yPn8AHQGYIQ==</latexit><latexit sha1_base64="rTSROxgrM3jx5fN1tHvvi+i8YXI=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIbiyJCLoRim5cVrAXaGKZTE/aoTNJnJkUSunSja/ixoUibn0Ed76N0zQLbf1h4OM/53Dm/EHCmdKO820tLC4tr6wW1orrG5tb2/bObl3FqaRQozGPZTMgCjiLoKaZ5tBMJBARcGgE/etJvTEAqVgc3elhAr4g3YiFjBJtrLZ94A2A4gd8iTNI8EkO914imYC2XXLKTiY8D24OJZSr2ra/vE5MUwGRppwo1XKdRPsjIjWjHMZFL1WQENonXWgZjIgA5Y+yQ8b4yDgdHMbSvEjjzP09MSJCqaEITKcguqdmaxPzv1or1eGFP2JRkmqI6HRRmHKsYzxJBXeYBKr50AChkpm/YtojklBtsiuaENzZk+ehflp2nbJ7e1aqXOVxFNA+OkTHyEXnqIJuUBXVEEWP6Bm9ojfryXqx3q2PaeuClc/soT+yPn8AHQGYIQ==</latexit>

EeR
<latexit sha1_base64="EBsSymx22SqHBHg8rC86EeExHVg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI9V7Ae0oWy2k3btJht2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6nvqtJ1Say/jBjBP0IzqIecgZNVZq3vQyvJ/0yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCSz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awOARnuEV3hzpvDjvzse8teDkM4fwB87nD3RLjwk=</latexit><latexit sha1_base64="EBsSymx22SqHBHg8rC86EeExHVg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI9V7Ae0oWy2k3btJht2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6nvqtJ1Say/jBjBP0IzqIecgZNVZq3vQyvJ/0yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCSz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awOARnuEV3hzpvDjvzse8teDkM4fwB87nD3RLjwk=</latexit><latexit sha1_base64="EBsSymx22SqHBHg8rC86EeExHVg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI9V7Ae0oWy2k3btJht2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6nvqtJ1Say/jBjBP0IzqIecgZNVZq3vQyvJ/0yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCSz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awOARnuEV3hzpvDjvzse8teDkM4fwB87nD3RLjwk=</latexit><latexit sha1_base64="EBsSymx22SqHBHg8rC86EeExHVg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI9V7Ae0oWy2k3btJht2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6nvqtJ1Say/jBjBP0IzqIecgZNVZq3vQyvJ/0yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCSz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awOARnuEV3hzpvDjvzse8teDkM4fwB87nD3RLjwk=</latexit>

EeR  µ�Nv2

2
⇡ 0.5 eV

⇣ m�

MeV

⌘
� ENR

<latexit sha1_base64="hJJUR4kMW+jsOO0/ggWq4mR7a64="></latexit><latexit sha1_base64="hJJUR4kMW+jsOO0/ggWq4mR7a64="></latexit><latexit sha1_base64="hJJUR4kMW+jsOO0/ggWq4mR7a64="></latexit><latexit sha1_base64="hJJUR4kMW+jsOO0/ggWq4mR7a64="></latexit>



THE DARK MATTER MASS

10�22 eV 1048 GeV

80 ORDERS OF MAGNITUDE

De Broglie wavelength  

>  

Size of galaxies

Lensing inside  

the Milky Way

m�
<latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit>



THE DARK MATTER MASS

10�22 eV 1048 GeV

Low Threshold

High Multiplicity

High Threshold

Low Multiplicity

DIRECT DETECTION ~ 6-10 Orders of Magnitude

m�
<latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit>

EeR ⇠ m�
<latexit sha1_base64="LCM1Bryr1dtC5euilfcOeaLIaCg=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoMeiCB6r2A9oQthsN+3S3STsbpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8MOVMacf5tkorq2vrG+XNytb2zu6eXd1vqySThLZIwhPZDbGinMW0pZnmtJtKikXIaSccXU39zgOViiXxvR6n1Bd4ELOIEayNFNjV6yCndxNPMYFE4JEhC+yaU3dmQMvELUgNCjQD+8vrJyQTNNaEY6V6rpNqP8dSM8LppOJliqaYjPCA9gyNsaDKz2enT9CxUfooSqSpWKOZ+nsix0KpsQhNp8B6qBa9qfif18t0dOHnLE4zTWMyXxRlHOkETXNAfSYp0XxsCCaSmVsRGWKJiTZpVUwI7uLLy6R9Wnedunt7VmtcFnGU4RCO4ARcOIcG3EATWkDgEZ7hFd6sJ+vFerc+5q0lq5g5gD+wPn8A83iTyQ==</latexit><latexit sha1_base64="LCM1Bryr1dtC5euilfcOeaLIaCg=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoMeiCB6r2A9oQthsN+3S3STsbpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8MOVMacf5tkorq2vrG+XNytb2zu6eXd1vqySThLZIwhPZDbGinMW0pZnmtJtKikXIaSccXU39zgOViiXxvR6n1Bd4ELOIEayNFNjV6yCndxNPMYFE4JEhC+yaU3dmQMvELUgNCjQD+8vrJyQTNNaEY6V6rpNqP8dSM8LppOJliqaYjPCA9gyNsaDKz2enT9CxUfooSqSpWKOZ+nsix0KpsQhNp8B6qBa9qfif18t0dOHnLE4zTWMyXxRlHOkETXNAfSYp0XxsCCaSmVsRGWKJiTZpVUwI7uLLy6R9Wnedunt7VmtcFnGU4RCO4ARcOIcG3EATWkDgEZ7hFd6sJ+vFerc+5q0lq5g5gD+wPn8A83iTyQ==</latexit><latexit sha1_base64="LCM1Bryr1dtC5euilfcOeaLIaCg=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoMeiCB6r2A9oQthsN+3S3STsbpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8MOVMacf5tkorq2vrG+XNytb2zu6eXd1vqySThLZIwhPZDbGinMW0pZnmtJtKikXIaSccXU39zgOViiXxvR6n1Bd4ELOIEayNFNjV6yCndxNPMYFE4JEhC+yaU3dmQMvELUgNCjQD+8vrJyQTNNaEY6V6rpNqP8dSM8LppOJliqaYjPCA9gyNsaDKz2enT9CxUfooSqSpWKOZ+nsix0KpsQhNp8B6qBa9qfif18t0dOHnLE4zTWMyXxRlHOkETXNAfSYp0XxsCCaSmVsRGWKJiTZpVUwI7uLLy6R9Wnedunt7VmtcFnGU4RCO4ARcOIcG3EATWkDgEZ7hFd6sJ+vFerc+5q0lq5g5gD+wPn8A83iTyQ==</latexit><latexit sha1_base64="LCM1Bryr1dtC5euilfcOeaLIaCg=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoMeiCB6r2A9oQthsN+3S3STsbpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8MOVMacf5tkorq2vrG+XNytb2zu6eXd1vqySThLZIwhPZDbGinMW0pZnmtJtKikXIaSccXU39zgOViiXxvR6n1Bd4ELOIEayNFNjV6yCndxNPMYFE4JEhC+yaU3dmQMvELUgNCjQD+8vrJyQTNNaEY6V6rpNqP8dSM8LppOJliqaYjPCA9gyNsaDKz2enT9CxUfooSqSpWKOZ+nsix0KpsQhNp8B6qBa9qfif18t0dOHnLE4zTWMyXxRlHOkETXNAfSYp0XxsCCaSmVsRGWKJiTZpVUwI7uLLy6R9Wnedunt7VmtcFnGU4RCO4ARcOIcG3EATWkDgEZ7hFd6sJ+vFerc+5q0lq5g5gD+wPn8A83iTyQ==</latexit>

ENR ⇠ m2
�

<latexit sha1_base64="+r8+fkhWktGYH+JgRXMc7N6iv4c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRF0GVRBFdSxT6giWEynbRDZyZhZiKEUH/FjQtF3Poh7vwbp20W2nrgwuGce7n3njBhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FFxKjFp45jFshciRRgVpK2pZqSXSIJ4yEg3HF9O/e4jkYrG4l5nCfE5GgoaUYy0kQK7ehXkN3cTT1EOeeDhEX1oBHbNqTszwGXiFqQGCrQC+8sbxDjlRGjMkFJ910m0nyOpKWZkUvFSRRKEx2hI+oYKxIny89nxE3hslAGMYmlKaDhTf0/kiCuV8dB0cqRHatGbiv95/VRH535ORZJqIvB8UZQyqGM4TQIOqCRYs8wQhCU1t0I8QhJhbfKqmBDcxZeXSadRd526e3taa14UcZTBITgCJ8AFZ6AJrkELtAEGGXgGr+DNerJerHfrY95asoqZKvgD6/MHAS+UVg==</latexit><latexit sha1_base64="+r8+fkhWktGYH+JgRXMc7N6iv4c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRF0GVRBFdSxT6giWEynbRDZyZhZiKEUH/FjQtF3Poh7vwbp20W2nrgwuGce7n3njBhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FFxKjFp45jFshciRRgVpK2pZqSXSIJ4yEg3HF9O/e4jkYrG4l5nCfE5GgoaUYy0kQK7ehXkN3cTT1EOeeDhEX1oBHbNqTszwGXiFqQGCrQC+8sbxDjlRGjMkFJ910m0nyOpKWZkUvFSRRKEx2hI+oYKxIny89nxE3hslAGMYmlKaDhTf0/kiCuV8dB0cqRHatGbiv95/VRH535ORZJqIvB8UZQyqGM4TQIOqCRYs8wQhCU1t0I8QhJhbfKqmBDcxZeXSadRd526e3taa14UcZTBITgCJ8AFZ6AJrkELtAEGGXgGr+DNerJerHfrY95asoqZKvgD6/MHAS+UVg==</latexit><latexit sha1_base64="+r8+fkhWktGYH+JgRXMc7N6iv4c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRF0GVRBFdSxT6giWEynbRDZyZhZiKEUH/FjQtF3Poh7vwbp20W2nrgwuGce7n3njBhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FFxKjFp45jFshciRRgVpK2pZqSXSIJ4yEg3HF9O/e4jkYrG4l5nCfE5GgoaUYy0kQK7ehXkN3cTT1EOeeDhEX1oBHbNqTszwGXiFqQGCrQC+8sbxDjlRGjMkFJ910m0nyOpKWZkUvFSRRKEx2hI+oYKxIny89nxE3hslAGMYmlKaDhTf0/kiCuV8dB0cqRHatGbiv95/VRH535ORZJqIvB8UZQyqGM4TQIOqCRYs8wQhCU1t0I8QhJhbfKqmBDcxZeXSadRd526e3taa14UcZTBITgCJ8AFZ6AJrkELtAEGGXgGr+DNerJerHfrY95asoqZKvgD6/MHAS+UVg==</latexit><latexit sha1_base64="+r8+fkhWktGYH+JgRXMc7N6iv4c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRF0GVRBFdSxT6giWEynbRDZyZhZiKEUH/FjQtF3Poh7vwbp20W2nrgwuGce7n3njBhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FFxKjFp45jFshciRRgVpK2pZqSXSIJ4yEg3HF9O/e4jkYrG4l5nCfE5GgoaUYy0kQK7ehXkN3cTT1EOeeDhEX1oBHbNqTszwGXiFqQGCrQC+8sbxDjlRGjMkFJ910m0nyOpKWZkUvFSRRKEx2hI+oYKxIny89nxE3hslAGMYmlKaDhTf0/kiCuV8dB0cqRHatGbiv95/VRH535ORZJqIvB8UZQyqGM4TQIOqCRYs8wQhCU1t0I8QhJhbfKqmBDcxZeXSadRd526e3taa14UcZTBITgCJ8AFZ6AJrkELtAEGGXgGr+DNerJerHfrY95asoqZKvgD6/MHAS+UVg==</latexit>N�

V
= n� ⇠ 1

m�
<latexit sha1_base64="pgBDKkg/QyyF8h3iNS/TFSohulk=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR3FgSEXQjFN24kgr2Ak0ok+mkHTozCTMToYQ8hRtfxY0LRdyKO9/GaZKFth4Y+Pj/czhz/iBmVGnH+bYqS8srq2vV9drG5tb2jr2711FRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mFzP/O4DkYpG4l5PY+JzNBI0pBhpIw3sEy+UCKe3Aw+PaZZ2skuRI/QU5bAw3SzlhT+w607DyQsugltCHZTVGthf3jDCCSdCY4aU6rtOrP0USU0xI1nNSxSJEZ6gEekbFIgT5af5WRk8MsoQhpE0T2iYq78nUsSVmvLAdHKkx2rem4n/ef1Ehxd+SkWcaCJwsShMGNQRnGUEh1QSrNnUAMKSmr9CPEYmCm2SrJkQ3PmTF6Fz2nCdhnt3Vm9elXFUwQE4BMfABeegCW5AC7QBBo/gGbyCN+vJerHerY+itWKVM/vgT1mfP/bhn9w=</latexit><latexit sha1_base64="pgBDKkg/QyyF8h3iNS/TFSohulk=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR3FgSEXQjFN24kgr2Ak0ok+mkHTozCTMToYQ8hRtfxY0LRdyKO9/GaZKFth4Y+Pj/czhz/iBmVGnH+bYqS8srq2vV9drG5tb2jr2711FRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mFzP/O4DkYpG4l5PY+JzNBI0pBhpIw3sEy+UCKe3Aw+PaZZ2skuRI/QU5bAw3SzlhT+w607DyQsugltCHZTVGthf3jDCCSdCY4aU6rtOrP0USU0xI1nNSxSJEZ6gEekbFIgT5af5WRk8MsoQhpE0T2iYq78nUsSVmvLAdHKkx2rem4n/ef1Ehxd+SkWcaCJwsShMGNQRnGUEh1QSrNnUAMKSmr9CPEYmCm2SrJkQ3PmTF6Fz2nCdhnt3Vm9elXFUwQE4BMfABeegCW5AC7QBBo/gGbyCN+vJerHerY+itWKVM/vgT1mfP/bhn9w=</latexit><latexit sha1_base64="pgBDKkg/QyyF8h3iNS/TFSohulk=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR3FgSEXQjFN24kgr2Ak0ok+mkHTozCTMToYQ8hRtfxY0LRdyKO9/GaZKFth4Y+Pj/czhz/iBmVGnH+bYqS8srq2vV9drG5tb2jr2711FRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mFzP/O4DkYpG4l5PY+JzNBI0pBhpIw3sEy+UCKe3Aw+PaZZ2skuRI/QU5bAw3SzlhT+w607DyQsugltCHZTVGthf3jDCCSdCY4aU6rtOrP0USU0xI1nNSxSJEZ6gEekbFIgT5af5WRk8MsoQhpE0T2iYq78nUsSVmvLAdHKkx2rem4n/ef1Ehxd+SkWcaCJwsShMGNQRnGUEh1QSrNnUAMKSmr9CPEYmCm2SrJkQ3PmTF6Fz2nCdhnt3Vm9elXFUwQE4BMfABeegCW5AC7QBBo/gGbyCN+vJerHerY+itWKVM/vgT1mfP/bhn9w=</latexit><latexit sha1_base64="pgBDKkg/QyyF8h3iNS/TFSohulk=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR3FgSEXQjFN24kgr2Ak0ok+mkHTozCTMToYQ8hRtfxY0LRdyKO9/GaZKFth4Y+Pj/czhz/iBmVGnH+bYqS8srq2vV9drG5tb2jr2711FRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mFzP/O4DkYpG4l5PY+JzNBI0pBhpIw3sEy+UCKe3Aw+PaZZ2skuRI/QU5bAw3SzlhT+w607DyQsugltCHZTVGthf3jDCCSdCY4aU6rtOrP0USU0xI1nNSxSJEZ6gEekbFIgT5af5WRk8MsoQhpE0T2iYq78nUsSVmvLAdHKkx2rem4n/ef1Ehxd+SkWcaCJwsShMGNQRnGUEh1QSrNnUAMKSmr9CPEYmCm2SrJkQ3PmTF6Fz2nCdhnt3Vm9elXFUwQE4BMfABeegCW5AC7QBBo/gGbyCN+vJerHerY+itWKVM/vgT1mfP/bhn9w=</latexit>

Low Threshold = General problem 
for ALL particle DM experiments, 

beyond direct detection



DIRECT DEFLECTION
N�

V
= n� ⇠ 1

m�
<latexit sha1_base64="pgBDKkg/QyyF8h3iNS/TFSohulk=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR3FgSEXQjFN24kgr2Ak0ok+mkHTozCTMToYQ8hRtfxY0LRdyKO9/GaZKFth4Y+Pj/czhz/iBmVGnH+bYqS8srq2vV9drG5tb2jr2711FRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mFzP/O4DkYpG4l5PY+JzNBI0pBhpIw3sEy+UCKe3Aw+PaZZ2skuRI/QU5bAw3SzlhT+w607DyQsugltCHZTVGthf3jDCCSdCY4aU6rtOrP0USU0xI1nNSxSJEZ6gEekbFIgT5af5WRk8MsoQhpE0T2iYq78nUsSVmvLAdHKkx2rem4n/ef1Ehxd+SkWcaCJwsShMGNQRnGUEh1QSrNnUAMKSmr9CPEYmCm2SrJkQ3PmTF6Fz2nCdhnt3Vm9elXFUwQE4BMfABeegCW5AC7QBBo/gGbyCN+vJerHerY+itWKVM/vgT1mfP/bhn9w=</latexit><latexit sha1_base64="pgBDKkg/QyyF8h3iNS/TFSohulk=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR3FgSEXQjFN24kgr2Ak0ok+mkHTozCTMToYQ8hRtfxY0LRdyKO9/GaZKFth4Y+Pj/czhz/iBmVGnH+bYqS8srq2vV9drG5tb2jr2711FRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mFzP/O4DkYpG4l5PY+JzNBI0pBhpIw3sEy+UCKe3Aw+PaZZ2skuRI/QU5bAw3SzlhT+w607DyQsugltCHZTVGthf3jDCCSdCY4aU6rtOrP0USU0xI1nNSxSJEZ6gEekbFIgT5af5WRk8MsoQhpE0T2iYq78nUsSVmvLAdHKkx2rem4n/ef1Ehxd+SkWcaCJwsShMGNQRnGUEh1QSrNnUAMKSmr9CPEYmCm2SrJkQ3PmTF6Fz2nCdhnt3Vm9elXFUwQE4BMfABeegCW5AC7QBBo/gGbyCN+vJerHerY+itWKVM/vgT1mfP/bhn9w=</latexit><latexit sha1_base64="pgBDKkg/QyyF8h3iNS/TFSohulk=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR3FgSEXQjFN24kgr2Ak0ok+mkHTozCTMToYQ8hRtfxY0LRdyKO9/GaZKFth4Y+Pj/czhz/iBmVGnH+bYqS8srq2vV9drG5tb2jr2711FRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mFzP/O4DkYpG4l5PY+JzNBI0pBhpIw3sEy+UCKe3Aw+PaZZ2skuRI/QU5bAw3SzlhT+w607DyQsugltCHZTVGthf3jDCCSdCY4aU6rtOrP0USU0xI1nNSxSJEZ6gEekbFIgT5af5WRk8MsoQhpE0T2iYq78nUsSVmvLAdHKkx2rem4n/ef1Ehxd+SkWcaCJwsShMGNQRnGUEh1QSrNnUAMKSmr9CPEYmCm2SrJkQ3PmTF6Fz2nCdhnt3Vm9elXFUwQE4BMfABeegCW5AC7QBBo/gGbyCN+vJerHerY+itWKVM/vgT1mfP/bhn9w=</latexit><latexit sha1_base64="pgBDKkg/QyyF8h3iNS/TFSohulk=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR3FgSEXQjFN24kgr2Ak0ok+mkHTozCTMToYQ8hRtfxY0LRdyKO9/GaZKFth4Y+Pj/czhz/iBmVGnH+bYqS8srq2vV9drG5tb2jr2711FRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mFzP/O4DkYpG4l5PY+JzNBI0pBhpIw3sEy+UCKe3Aw+PaZZ2skuRI/QU5bAw3SzlhT+w607DyQsugltCHZTVGthf3jDCCSdCY4aU6rtOrP0USU0xI1nNSxSJEZ6gEekbFIgT5af5WRk8MsoQhpE0T2iYq78nUsSVmvLAdHKkx2rem4n/ef1Ehxd+SkWcaCJwsShMGNQRnGUEh1QSrNnUAMKSmr9CPEYmCm2SrJkQ3PmTF6Fz2nCdhnt3Vm9elXFUwQE4BMfABeegCW5AC7QBBo/gGbyCN+vJerHerY+itWKVM/vgT1mfP/bhn9w=</latexit>
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wind

deflector detector

We create a coherent COLLECTIVE perturbation

�v� ⇠ 1

m�
<latexit sha1_base64="quwIoKhr/7jgQ8BSNsPg1yqvy5A=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUATymRy0w6dScLMpFBCPsCNv+LGhSJu/QB3/o3TNAttPTBwOOdc7tzjJ5wpbdvfVmVtfWNzq7pd29nd2z+oHx51VZxKCh0a81j2faKAswg6mmkO/UQCET6Hnj+5nfu9KUjF4uhBzxLwBBlFLGSUaCMN6w03AK4Jng5dOmbYVUxgN5SEZk6eiULMTcpu2gXwKnFK0kAl2sP6lxvENBUQacqJUgPHTrSXEakZ5ZDX3FRBQuiEjGBgaEQEKC8rjsnxmVECHMbSvEjjQv09kRGh1Ez4JimIHqtlby7+5w1SHV57GYuSVENEF4vClGMd43kzOGASqOYzQwiVzPwV0zExVWjTX82U4CyfvEq6F03Hbjr3l43WTVlHFZ2gU3SOHHSFWugOtVEHUfSIntErerOerBfr3fpYRCtWOXOM/sD6/AGPa5tO</latexit><latexit sha1_base64="quwIoKhr/7jgQ8BSNsPg1yqvy5A=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUATymRy0w6dScLMpFBCPsCNv+LGhSJu/QB3/o3TNAttPTBwOOdc7tzjJ5wpbdvfVmVtfWNzq7pd29nd2z+oHx51VZxKCh0a81j2faKAswg6mmkO/UQCET6Hnj+5nfu9KUjF4uhBzxLwBBlFLGSUaCMN6w03AK4Jng5dOmbYVUxgN5SEZk6eiULMTcpu2gXwKnFK0kAl2sP6lxvENBUQacqJUgPHTrSXEakZ5ZDX3FRBQuiEjGBgaEQEKC8rjsnxmVECHMbSvEjjQv09kRGh1Ez4JimIHqtlby7+5w1SHV57GYuSVENEF4vClGMd43kzOGASqOYzQwiVzPwV0zExVWjTX82U4CyfvEq6F03Hbjr3l43WTVlHFZ2gU3SOHHSFWugOtVEHUfSIntErerOerBfr3fpYRCtWOXOM/sD6/AGPa5tO</latexit><latexit sha1_base64="quwIoKhr/7jgQ8BSNsPg1yqvy5A=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUATymRy0w6dScLMpFBCPsCNv+LGhSJu/QB3/o3TNAttPTBwOOdc7tzjJ5wpbdvfVmVtfWNzq7pd29nd2z+oHx51VZxKCh0a81j2faKAswg6mmkO/UQCET6Hnj+5nfu9KUjF4uhBzxLwBBlFLGSUaCMN6w03AK4Jng5dOmbYVUxgN5SEZk6eiULMTcpu2gXwKnFK0kAl2sP6lxvENBUQacqJUgPHTrSXEakZ5ZDX3FRBQuiEjGBgaEQEKC8rjsnxmVECHMbSvEjjQv09kRGh1Ez4JimIHqtlby7+5w1SHV57GYuSVENEF4vClGMd43kzOGASqOYzQwiVzPwV0zExVWjTX82U4CyfvEq6F03Hbjr3l43WTVlHFZ2gU3SOHHSFWugOtVEHUfSIntErerOerBfr3fpYRCtWOXOM/sD6/AGPa5tO</latexit><latexit sha1_base64="quwIoKhr/7jgQ8BSNsPg1yqvy5A=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUATymRy0w6dScLMpFBCPsCNv+LGhSJu/QB3/o3TNAttPTBwOOdc7tzjJ5wpbdvfVmVtfWNzq7pd29nd2z+oHx51VZxKCh0a81j2faKAswg6mmkO/UQCET6Hnj+5nfu9KUjF4uhBzxLwBBlFLGSUaCMN6w03AK4Jng5dOmbYVUxgN5SEZk6eiULMTcpu2gXwKnFK0kAl2sP6lxvENBUQacqJUgPHTrSXEakZ5ZDX3FRBQuiEjGBgaEQEKC8rjsnxmVECHMbSvEjjQv09kRGh1Ez4JimIHqtlby7+5w1SHV57GYuSVENEF4vClGMd43kzOGASqOYzQwiVzPwV0zExVWjTX82U4CyfvEq6F03Hbjr3l43WTVlHFZ2gU3SOHHSFWugOtVEHUfSIntErerOerBfr3fpYRCtWOXOM/sD6/AGPa5tO</latexit>
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A CONCRETE CASE STUDY: PREDICTIVE 
COSMOLOGIES BELOW ONE MEV



LIGHT DARK MATTER 
COUPLINGS

m� < MeV
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Thermalization is forbidden by the precise measurement of the 
expansion of the Universe at the time of Nucleosynthesis (T~MeV)

�� . H(MeV)
<latexit sha1_base64="3WW3Z82vEFb6tlA51dJpAbezynk=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1UxIRdFl0YTdCBfuAJoTJ9KYdOpOEmYlQQtdu/BU3LhRx6xe482+cPhbaeuDC4Zx7ufeeMOVMacf5tpaWV1bX1gsbxc2t7Z1de2+/qZJMUmjQhCeyHRIFnMXQ0ExzaKcSiAg5tMLB9dhvPYBULInv9TAFX5BezCJGiTZSYB95N0QIEni0z7DHQSnFBK6Vc08KfAvN0Wlgl5yKMwFeJO6MlNAM9cD+8roJzQTEmnKiVMd1Uu3nRGpGOYyKXqYgJXRAetAxNCYClJ9PXhnhE6N0cZRIU7HGE/X3RE6EUkMRmk5BdF/Ne2PxP6+T6ejSz1mcZhpiOl0UZRzrBI9zwV0mgWo+NIRQycytmPaJJFSb9IomBHf+5UXSPKu4TsW9Oy9Vr2ZxFNAhOkZl5KILVEU1VEcNRNEjekav6M16sl6sd+tj2rpkzWYO0B9Ynz/ZJJmz</latexit><latexit sha1_base64="3WW3Z82vEFb6tlA51dJpAbezynk=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1UxIRdFl0YTdCBfuAJoTJ9KYdOpOEmYlQQtdu/BU3LhRx6xe482+cPhbaeuDC4Zx7ufeeMOVMacf5tpaWV1bX1gsbxc2t7Z1de2+/qZJMUmjQhCeyHRIFnMXQ0ExzaKcSiAg5tMLB9dhvPYBULInv9TAFX5BezCJGiTZSYB95N0QIEni0z7DHQSnFBK6Vc08KfAvN0Wlgl5yKMwFeJO6MlNAM9cD+8roJzQTEmnKiVMd1Uu3nRGpGOYyKXqYgJXRAetAxNCYClJ9PXhnhE6N0cZRIU7HGE/X3RE6EUkMRmk5BdF/Ne2PxP6+T6ejSz1mcZhpiOl0UZRzrBI9zwV0mgWo+NIRQycytmPaJJFSb9IomBHf+5UXSPKu4TsW9Oy9Vr2ZxFNAhOkZl5KILVEU1VEcNRNEjekav6M16sl6sd+tj2rpkzWYO0B9Ynz/ZJJmz</latexit><latexit sha1_base64="3WW3Z82vEFb6tlA51dJpAbezynk=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1UxIRdFl0YTdCBfuAJoTJ9KYdOpOEmYlQQtdu/BU3LhRx6xe482+cPhbaeuDC4Zx7ufeeMOVMacf5tpaWV1bX1gsbxc2t7Z1de2+/qZJMUmjQhCeyHRIFnMXQ0ExzaKcSiAg5tMLB9dhvPYBULInv9TAFX5BezCJGiTZSYB95N0QIEni0z7DHQSnFBK6Vc08KfAvN0Wlgl5yKMwFeJO6MlNAM9cD+8roJzQTEmnKiVMd1Uu3nRGpGOYyKXqYgJXRAetAxNCYClJ9PXhnhE6N0cZRIU7HGE/X3RE6EUkMRmk5BdF/Ne2PxP6+T6ejSz1mcZhpiOl0UZRzrBI9zwV0mgWo+NIRQycytmPaJJFSb9IomBHf+5UXSPKu4TsW9Oy9Vr2ZxFNAhOkZl5KILVEU1VEcNRNEjekav6M16sl6sd+tj2rpkzWYO0B9Ynz/ZJJmz</latexit><latexit sha1_base64="3WW3Z82vEFb6tlA51dJpAbezynk=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1UxIRdFl0YTdCBfuAJoTJ9KYdOpOEmYlQQtdu/BU3LhRx6xe482+cPhbaeuDC4Zx7ufeeMOVMacf5tpaWV1bX1gsbxc2t7Z1de2+/qZJMUmjQhCeyHRIFnMXQ0ExzaKcSiAg5tMLB9dhvPYBULInv9TAFX5BezCJGiTZSYB95N0QIEni0z7DHQSnFBK6Vc08KfAvN0Wlgl5yKMwFeJO6MlNAM9cD+8roJzQTEmnKiVMd1Uu3nRGpGOYyKXqYgJXRAetAxNCYClJ9PXhnhE6N0cZRIU7HGE/X3RE6EUkMRmk5BdF/Ne2PxP6+T6ejSz1mcZhpiOl0UZRzrBI9zwV0mgWo+NIRQycytmPaJJFSb9IomBHf+5UXSPKu4TsW9Oy9Vr2ZxFNAhOkZl5KILVEU1VEcNRNEjekav6M16sl6sd+tj2rpkzWYO0B9Ynz/ZJJmz</latexit>



χ

χ

γ
e q � thermalizes =) in conflict with BBN and CMB (1)

(2)

(3)

1
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Thermalization is forbidden by the precise measurement of the 
expansion of the Universe at the time of Nucleosynthesis (T~MeV)
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1. Energy Leakage Stops at                 when most electrons have 
converted into photons 

2. The DM Coupling determines its abundance

T ⇠ me
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<latexit sha1_base64="ElUHQAt+FCqyhPNa6k7mJv5llXY=">AAACInicbVDLSgMxFM3UV62vUZdugkVwY5kRQd0V3bisYB/QqUMmvdOGJjPTJCOUYb7Fjb/ixoWirgQ/xvSx0NYDgZNzziW5J0g4U9pxvqzC0vLK6lpxvbSxubW9Y+/uNVScSgp1GvNYtgKigLMI6pppDq1EAhEBh2YwuB77zQeQisXRnR4l0BGkF7GQUaKN5NuXQz/zpMAQhjn2FBMwxK5zn524zvg+lDrzQknoJDSARp4J36N9lue+XXYqzgR4kbgzUkYz1Hz7w+vGNBUQacqJUm3XSXQnI1IzyiEveamChNAB6UHb0IgIUJ1ssmKOj4zSxWEszYk0nqi/JzIilBqJwCQF0X01743F/7x2qsOLTsaiJNUQ0elDYcqxjvG4L9xlEqjmI0MIlcz8FdM+MY1o02rJlODOr7xIGqcV16m4t2fl6tWsjiI6QIfoGLnoHFXRDaqhOqLoET2jV/RmPVkv1rv1OY0WrNnMPvoD6/sHaM+kPA==</latexit><latexit sha1_base64="ElUHQAt+FCqyhPNa6k7mJv5llXY=">AAACInicbVDLSgMxFM3UV62vUZdugkVwY5kRQd0V3bisYB/QqUMmvdOGJjPTJCOUYb7Fjb/ixoWirgQ/xvSx0NYDgZNzziW5J0g4U9pxvqzC0vLK6lpxvbSxubW9Y+/uNVScSgp1GvNYtgKigLMI6pppDq1EAhEBh2YwuB77zQeQisXRnR4l0BGkF7GQUaKN5NuXQz/zpMAQhjn2FBMwxK5zn524zvg+lDrzQknoJDSARp4J36N9lue+XXYqzgR4kbgzUkYz1Hz7w+vGNBUQacqJUm3XSXQnI1IzyiEveamChNAB6UHb0IgIUJ1ssmKOj4zSxWEszYk0nqi/JzIilBqJwCQF0X01743F/7x2qsOLTsaiJNUQ0elDYcqxjvG4L9xlEqjmI0MIlcz8FdM+MY1o02rJlODOr7xIGqcV16m4t2fl6tWsjiI6QIfoGLnoHFXRDaqhOqLoET2jV/RmPVkv1rv1OY0WrNnMPvoD6/sHaM+kPA==</latexit><latexit sha1_base64="ElUHQAt+FCqyhPNa6k7mJv5llXY=">AAACInicbVDLSgMxFM3UV62vUZdugkVwY5kRQd0V3bisYB/QqUMmvdOGJjPTJCOUYb7Fjb/ixoWirgQ/xvSx0NYDgZNzziW5J0g4U9pxvqzC0vLK6lpxvbSxubW9Y+/uNVScSgp1GvNYtgKigLMI6pppDq1EAhEBh2YwuB77zQeQisXRnR4l0BGkF7GQUaKN5NuXQz/zpMAQhjn2FBMwxK5zn524zvg+lDrzQknoJDSARp4J36N9lue+XXYqzgR4kbgzUkYz1Hz7w+vGNBUQacqJUm3XSXQnI1IzyiEveamChNAB6UHb0IgIUJ1ssmKOj4zSxWEszYk0nqi/JzIilBqJwCQF0X01743F/7x2qsOLTsaiJNUQ0elDYcqxjvG4L9xlEqjmI0MIlcz8FdM+MY1o02rJlODOr7xIGqcV16m4t2fl6tWsjiI6QIfoGLnoHFXRDaqhOqLoET2jV/RmPVkv1rv1OY0WrNnMPvoD6/sHaM+kPA==</latexit><latexit sha1_base64="ElUHQAt+FCqyhPNa6k7mJv5llXY=">AAACInicbVDLSgMxFM3UV62vUZdugkVwY5kRQd0V3bisYB/QqUMmvdOGJjPTJCOUYb7Fjb/ixoWirgQ/xvSx0NYDgZNzziW5J0g4U9pxvqzC0vLK6lpxvbSxubW9Y+/uNVScSgp1GvNYtgKigLMI6pppDq1EAhEBh2YwuB77zQeQisXRnR4l0BGkF7GQUaKN5NuXQz/zpMAQhjn2FBMwxK5zn524zvg+lDrzQknoJDSARp4J36N9lue+XXYqzgR4kbgzUkYz1Hz7w+vGNBUQacqJUm3XSXQnI1IzyiEveamChNAB6UHb0IgIUJ1ssmKOj4zSxWEszYk0nqi/JzIilBqJwCQF0X01743F/7x2qsOLTsaiJNUQ0elDYcqxjvG4L9xlEqjmI0MIlcz8FdM+MY1o02rJlODOr7xIGqcV16m4t2fl6tWsjiI6QIfoGLnoHFXRDaqhOqLoET2jV/RmPVkv1rv1OY0WrNnMPvoD6/sHaM+kPA==</latexit>

DM penetrates EM 
shielding



ALTERNATIVE MEDIATORS

L � �1

4
F 2 � 1

4
F 02 +

✏

2
FF 0 +

m2
A0

2
A02

<latexit sha1_base64="8ShCWE04mGziX9d9Nl1nT6OOrSY="></latexit><latexit sha1_base64="8ShCWE04mGziX9d9Nl1nT6OOrSY="></latexit><latexit sha1_base64="8ShCWE04mGziX9d9Nl1nT6OOrSY="></latexit><latexit sha1_base64="8ShCWE04mGziX9d9Nl1nT6OOrSY="></latexit>

L � j�A
0 + jSMA

<latexit sha1_base64="vNhGrYaqGwBp7+niCbf3Yoh3U5o=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUGZE0GWrGxcKFe0DOrVk0jttbDIzJBmhDP0ON/6KGxeKuBM3/o2ZtgttPRA4nHMvN+f4MWdKO863NTe/sLi0nFvJr66tb2zaW9s1FSWSQpVGPJINnyjgLISqZppDI5ZAhM+h7vfPM7/+AFKxKLzVgxhagnRDFjBKtJHatusJonuU8PRy6KkkVqDxfdujPYbLd14smQB8aJTUkwLfXA1xuW0XnKIzAp4l7oQU0ASVtv3pdSKaCAg15USppuvEupUSqRnlMMx7iYKY0D7pQtPQkAhQrXQUbYj3jdLBQSTNCzUeqb83UiKUGgjfTGZB1LSXif95zUQHp62UhXGiIaTjQ0HCsY5w1hPuMAlU84EhhEpm/oppj0hCtWkzb0pwpyPPktpR0XWK7vVxoXQ2qSOHdtEeOkAuOkEldIEqqIooekTP6BW9WU/Wi/VufYxH56zJzg76A+vrBzbroEg=</latexit><latexit sha1_base64="vNhGrYaqGwBp7+niCbf3Yoh3U5o=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUGZE0GWrGxcKFe0DOrVk0jttbDIzJBmhDP0ON/6KGxeKuBM3/o2ZtgttPRA4nHMvN+f4MWdKO863NTe/sLi0nFvJr66tb2zaW9s1FSWSQpVGPJINnyjgLISqZppDI5ZAhM+h7vfPM7/+AFKxKLzVgxhagnRDFjBKtJHatusJonuU8PRy6KkkVqDxfdujPYbLd14smQB8aJTUkwLfXA1xuW0XnKIzAp4l7oQU0ASVtv3pdSKaCAg15USppuvEupUSqRnlMMx7iYKY0D7pQtPQkAhQrXQUbYj3jdLBQSTNCzUeqb83UiKUGgjfTGZB1LSXif95zUQHp62UhXGiIaTjQ0HCsY5w1hPuMAlU84EhhEpm/oppj0hCtWkzb0pwpyPPktpR0XWK7vVxoXQ2qSOHdtEeOkAuOkEldIEqqIooekTP6BW9WU/Wi/VufYxH56zJzg76A+vrBzbroEg=</latexit><latexit sha1_base64="vNhGrYaqGwBp7+niCbf3Yoh3U5o=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUGZE0GWrGxcKFe0DOrVk0jttbDIzJBmhDP0ON/6KGxeKuBM3/o2ZtgttPRA4nHMvN+f4MWdKO863NTe/sLi0nFvJr66tb2zaW9s1FSWSQpVGPJINnyjgLISqZppDI5ZAhM+h7vfPM7/+AFKxKLzVgxhagnRDFjBKtJHatusJonuU8PRy6KkkVqDxfdujPYbLd14smQB8aJTUkwLfXA1xuW0XnKIzAp4l7oQU0ASVtv3pdSKaCAg15USppuvEupUSqRnlMMx7iYKY0D7pQtPQkAhQrXQUbYj3jdLBQSTNCzUeqb83UiKUGgjfTGZB1LSXif95zUQHp62UhXGiIaTjQ0HCsY5w1hPuMAlU84EhhEpm/oppj0hCtWkzb0pwpyPPktpR0XWK7vVxoXQ2qSOHdtEeOkAuOkEldIEqqIooekTP6BW9WU/Wi/VufYxH56zJzg76A+vrBzbroEg=</latexit><latexit sha1_base64="vNhGrYaqGwBp7+niCbf3Yoh3U5o=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUGZE0GWrGxcKFe0DOrVk0jttbDIzJBmhDP0ON/6KGxeKuBM3/o2ZtgttPRA4nHMvN+f4MWdKO863NTe/sLi0nFvJr66tb2zaW9s1FSWSQpVGPJINnyjgLISqZppDI5ZAhM+h7vfPM7/+AFKxKLzVgxhagnRDFjBKtJHatusJonuU8PRy6KkkVqDxfdujPYbLd14smQB8aJTUkwLfXA1xuW0XnKIzAp4l7oQU0ASVtv3pdSKaCAg15USppuvEupUSqRnlMMx7iYKY0D7pQtPQkAhQrXQUbYj3jdLBQSTNCzUeqb83UiKUGgjfTGZB1LSXif95zUQHp62UhXGiIaTjQ0HCsY5w1hPuMAlU84EhhEpm/oppj0hCtWkzb0pwpyPPktpR0XWK7vVxoXQ2qSOHdtEeOkAuOkEldIEqqIooekTP6BW9WU/Wi/VufYxH56zJzg76A+vrBzbroEg=</latexit>

A ! A+ ✏A0
<latexit sha1_base64="Vu9lJVM+y8F6frKG1hzig2Lund4=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQSiJCLpsdeOygn1AE8tketMOnUzCzEQoobjxV9y4UMStX+HOv3HaZqGtBwYO59zLnXOChDOlHefbKiwtr6yuFddLG5tb2zv27l5Txamk0KAxj2U7IAo4E9DQTHNoJxJIFHBoBcPrid96AKlYLO70KAE/In3BQkaJNlLXPqhhT8e4dupBohiPBa7de4lkEXTtslNxpsCLxM1JGeWod+0vrxfTNAKhKSdKdVwn0X5GpGaUw7jkpQoSQoekDx1DBYlA+dk0whgfG6WHw1iaJzSeqr83MhIpNYoCMxkRPVDz3kT8z+ukOrz0MyaSVIOgs0NhyrEJPekD95gEqvnIEEIlM3/FdEAkodq0VjIluPORF0nzrOI6Fff2vFy9yusookN0hE6Qiy5QFd2gOmogih7RM3pFb9aT9WK9Wx+z0YKV7+yjP7A+fwC9EpZf</latexit><latexit sha1_base64="Vu9lJVM+y8F6frKG1hzig2Lund4=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQSiJCLpsdeOygn1AE8tketMOnUzCzEQoobjxV9y4UMStX+HOv3HaZqGtBwYO59zLnXOChDOlHefbKiwtr6yuFddLG5tb2zv27l5Txamk0KAxj2U7IAo4E9DQTHNoJxJIFHBoBcPrid96AKlYLO70KAE/In3BQkaJNlLXPqhhT8e4dupBohiPBa7de4lkEXTtslNxpsCLxM1JGeWod+0vrxfTNAKhKSdKdVwn0X5GpGaUw7jkpQoSQoekDx1DBYlA+dk0whgfG6WHw1iaJzSeqr83MhIpNYoCMxkRPVDz3kT8z+ukOrz0MyaSVIOgs0NhyrEJPekD95gEqvnIEEIlM3/FdEAkodq0VjIluPORF0nzrOI6Fff2vFy9yusookN0hE6Qiy5QFd2gOmogih7RM3pFb9aT9WK9Wx+z0YKV7+yjP7A+fwC9EpZf</latexit><latexit sha1_base64="Vu9lJVM+y8F6frKG1hzig2Lund4=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQSiJCLpsdeOygn1AE8tketMOnUzCzEQoobjxV9y4UMStX+HOv3HaZqGtBwYO59zLnXOChDOlHefbKiwtr6yuFddLG5tb2zv27l5Txamk0KAxj2U7IAo4E9DQTHNoJxJIFHBoBcPrid96AKlYLO70KAE/In3BQkaJNlLXPqhhT8e4dupBohiPBa7de4lkEXTtslNxpsCLxM1JGeWod+0vrxfTNAKhKSdKdVwn0X5GpGaUw7jkpQoSQoekDx1DBYlA+dk0whgfG6WHw1iaJzSeqr83MhIpNYoCMxkRPVDz3kT8z+ukOrz0MyaSVIOgs0NhyrEJPekD95gEqvnIEEIlM3/FdEAkodq0VjIluPORF0nzrOI6Fff2vFy9yusookN0hE6Qiy5QFd2gOmogih7RM3pFb9aT9WK9Wx+z0YKV7+yjP7A+fwC9EpZf</latexit><latexit sha1_base64="Vu9lJVM+y8F6frKG1hzig2Lund4=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQSiJCLpsdeOygn1AE8tketMOnUzCzEQoobjxV9y4UMStX+HOv3HaZqGtBwYO59zLnXOChDOlHefbKiwtr6yuFddLG5tb2zv27l5Txamk0KAxj2U7IAo4E9DQTHNoJxJIFHBoBcPrid96AKlYLO70KAE/In3BQkaJNlLXPqhhT8e4dupBohiPBa7de4lkEXTtslNxpsCLxM1JGeWod+0vrxfTNAKhKSdKdVwn0X5GpGaUw7jkpQoSQoekDx1DBYlA+dk0whgfG6WHw1iaJzSeqr83MhIpNYoCMxkRPVDz3kT8z+ukOrz0MyaSVIOgs0NhyrEJPekD95gEqvnIEEIlM3/FdEAkodq0VjIluPORF0nzrOI6Fff2vFy9yusookN0hE6Qiy5QFd2gOmogih7RM3pFb9aT9WK9Wx+z0YKV7+yjP7A+fwC9EpZf</latexit>

mA0 6= 0
<latexit sha1_base64="ryTKpUxfbwk9BaMsQan10FlxFOA=">AAAB+3icdVDLSgMxFM34rPVV69JNsAiuhkyto9352LisYFVoa8mktxqaZMYkI5ahv+LGhSJu/RF3/o3pQ1DRAxcO59zLvfdEieDGEvLhTU3PzM7N5xbyi0vLK6uFteK5iVPNoM5iEevLiBoQXEHdcivgMtFAZSTgIuodD/2LO9CGx+rM9hNoSXqteJczap3ULhRlOzu8aiaaSxg0Fdxi0i6UiF+tkkoQYuLvElIOq46QnfJ+GOLAJyOU0AS1duG92YlZKkFZJqgxjYAktpVRbTkTMMg3UwMJZT16DQ1HFZVgWtno9gHeckoHd2PtSlk8Ur9PZFQa05eR65TU3pjf3lD8y2uktrvfyrhKUguKjRd1U4FtjIdB4A7XwKzoO0KZ5u5WzG6opsy6uPIuhK9P8f/kvOwHxA9OK6WDo0kcObSBNtE2CtAeOkAnqIbqiKF79ICe0LM38B69F+913DrlTWbW0Q94b58Vc5R3</latexit><latexit sha1_base64="ryTKpUxfbwk9BaMsQan10FlxFOA=">AAAB+3icdVDLSgMxFM34rPVV69JNsAiuhkyto9352LisYFVoa8mktxqaZMYkI5ahv+LGhSJu/RF3/o3pQ1DRAxcO59zLvfdEieDGEvLhTU3PzM7N5xbyi0vLK6uFteK5iVPNoM5iEevLiBoQXEHdcivgMtFAZSTgIuodD/2LO9CGx+rM9hNoSXqteJczap3ULhRlOzu8aiaaSxg0Fdxi0i6UiF+tkkoQYuLvElIOq46QnfJ+GOLAJyOU0AS1duG92YlZKkFZJqgxjYAktpVRbTkTMMg3UwMJZT16DQ1HFZVgWtno9gHeckoHd2PtSlk8Ur9PZFQa05eR65TU3pjf3lD8y2uktrvfyrhKUguKjRd1U4FtjIdB4A7XwKzoO0KZ5u5WzG6opsy6uPIuhK9P8f/kvOwHxA9OK6WDo0kcObSBNtE2CtAeOkAnqIbqiKF79ICe0LM38B69F+913DrlTWbW0Q94b58Vc5R3</latexit><latexit sha1_base64="ryTKpUxfbwk9BaMsQan10FlxFOA=">AAAB+3icdVDLSgMxFM34rPVV69JNsAiuhkyto9352LisYFVoa8mktxqaZMYkI5ahv+LGhSJu/RF3/o3pQ1DRAxcO59zLvfdEieDGEvLhTU3PzM7N5xbyi0vLK6uFteK5iVPNoM5iEevLiBoQXEHdcivgMtFAZSTgIuodD/2LO9CGx+rM9hNoSXqteJczap3ULhRlOzu8aiaaSxg0Fdxi0i6UiF+tkkoQYuLvElIOq46QnfJ+GOLAJyOU0AS1duG92YlZKkFZJqgxjYAktpVRbTkTMMg3UwMJZT16DQ1HFZVgWtno9gHeckoHd2PtSlk8Ur9PZFQa05eR65TU3pjf3lD8y2uktrvfyrhKUguKjRd1U4FtjIdB4A7XwKzoO0KZ5u5WzG6opsy6uPIuhK9P8f/kvOwHxA9OK6WDo0kcObSBNtE2CtAeOkAnqIbqiKF79ICe0LM38B69F+913DrlTWbW0Q94b58Vc5R3</latexit><latexit sha1_base64="ryTKpUxfbwk9BaMsQan10FlxFOA=">AAAB+3icdVDLSgMxFM34rPVV69JNsAiuhkyto9352LisYFVoa8mktxqaZMYkI5ahv+LGhSJu/RF3/o3pQ1DRAxcO59zLvfdEieDGEvLhTU3PzM7N5xbyi0vLK6uFteK5iVPNoM5iEevLiBoQXEHdcivgMtFAZSTgIuodD/2LO9CGx+rM9hNoSXqteJczap3ULhRlOzu8aiaaSxg0Fdxi0i6UiF+tkkoQYuLvElIOq46QnfJ+GOLAJyOU0AS1duG92YlZKkFZJqgxjYAktpVRbTkTMMg3UwMJZT16DQ1HFZVgWtno9gHeckoHd2PtSlk8Ur9PZFQa05eR65TU3pjf3lD8y2uktrvfyrhKUguKjRd1U4FtjIdB4A7XwKzoO0KZ5u5WzG6opsy6uPIuhK9P8f/kvOwHxA9OK6WDo0kcObSBNtE2CtAeOkAnqIbqiKF79ICe0LM38B69F+913DrlTWbW0Q94b58Vc5R3</latexit>

mA0 = 0
<latexit sha1_base64="4VOxZREiPMiNFRtFpxAeOS2f4Jw=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIehGqXjxWsB/QxrDZTtqlu5uwuymU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmRSln2njet7Oyura+sVnaKm/v7O7tuweHTZ1kikKDJjxR7Yho4ExCwzDDoZ0qICLi0IqGd1O/NQKlWSIfzTiFQJC+ZDGjxFgpdF0R5jdP3VQxARN8jb3QrXhVbwa8TPyCVFCBeuh+dXsJzQRIQznRuuN7qQlyogyjHCblbqYhJXRI+tCxVBIBOshnl0/wqVV6OE6ULWnwTP09kROh9VhEtlMQM9CL3lT8z+tkJr4KcibTzICk80VxxrFJ8DQG3GMKqOFjSwhVzN6K6YAoQo0Nq2xD8BdfXibN86rvVf2Hi0rttoijhI7RCTpDPrpENXSP6qiBKBqhZ/SK3pzceXHenY9564pTzByhP3A+fwBk+pLU</latexit><latexit sha1_base64="4VOxZREiPMiNFRtFpxAeOS2f4Jw=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIehGqXjxWsB/QxrDZTtqlu5uwuymU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmRSln2njet7Oyura+sVnaKm/v7O7tuweHTZ1kikKDJjxR7Yho4ExCwzDDoZ0qICLi0IqGd1O/NQKlWSIfzTiFQJC+ZDGjxFgpdF0R5jdP3VQxARN8jb3QrXhVbwa8TPyCVFCBeuh+dXsJzQRIQznRuuN7qQlyogyjHCblbqYhJXRI+tCxVBIBOshnl0/wqVV6OE6ULWnwTP09kROh9VhEtlMQM9CL3lT8z+tkJr4KcibTzICk80VxxrFJ8DQG3GMKqOFjSwhVzN6K6YAoQo0Nq2xD8BdfXibN86rvVf2Hi0rttoijhI7RCTpDPrpENXSP6qiBKBqhZ/SK3pzceXHenY9564pTzByhP3A+fwBk+pLU</latexit><latexit sha1_base64="4VOxZREiPMiNFRtFpxAeOS2f4Jw=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIehGqXjxWsB/QxrDZTtqlu5uwuymU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmRSln2njet7Oyura+sVnaKm/v7O7tuweHTZ1kikKDJjxR7Yho4ExCwzDDoZ0qICLi0IqGd1O/NQKlWSIfzTiFQJC+ZDGjxFgpdF0R5jdP3VQxARN8jb3QrXhVbwa8TPyCVFCBeuh+dXsJzQRIQznRuuN7qQlyogyjHCblbqYhJXRI+tCxVBIBOshnl0/wqVV6OE6ULWnwTP09kROh9VhEtlMQM9CL3lT8z+tkJr4KcibTzICk80VxxrFJ8DQG3GMKqOFjSwhVzN6K6YAoQo0Nq2xD8BdfXibN86rvVf2Hi0rttoijhI7RCTpDPrpENXSP6qiBKBqhZ/SK3pzceXHenY9564pTzByhP3A+fwBk+pLU</latexit><latexit sha1_base64="4VOxZREiPMiNFRtFpxAeOS2f4Jw=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIehGqXjxWsB/QxrDZTtqlu5uwuymU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmRSln2njet7Oyura+sVnaKm/v7O7tuweHTZ1kikKDJjxR7Yho4ExCwzDDoZ0qICLi0IqGd1O/NQKlWSIfzTiFQJC+ZDGjxFgpdF0R5jdP3VQxARN8jb3QrXhVbwa8TPyCVFCBeuh+dXsJzQRIQznRuuN7qQlyogyjHCblbqYhJXRI+tCxVBIBOshnl0/wqVV6OE6ULWnwTP09kROh9VhEtlMQM9CL3lT8z+tkJr4KcibTzICk80VxxrFJ8DQG3GMKqOFjSwhVzN6K6YAoQo0Nq2xD8BdfXibN86rvVf2Hi0rttoijhI7RCTpDPrpENXSP6qiBKBqhZ/SK3pzceXHenY9564pTzByhP3A+fwBk+pLU</latexit>

L � j�A
0 + jSMA

<latexit sha1_base64="vNhGrYaqGwBp7+niCbf3Yoh3U5o=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUGZE0GWrGxcKFe0DOrVk0jttbDIzJBmhDP0ON/6KGxeKuBM3/o2ZtgttPRA4nHMvN+f4MWdKO863NTe/sLi0nFvJr66tb2zaW9s1FSWSQpVGPJINnyjgLISqZppDI5ZAhM+h7vfPM7/+AFKxKLzVgxhagnRDFjBKtJHatusJonuU8PRy6KkkVqDxfdujPYbLd14smQB8aJTUkwLfXA1xuW0XnKIzAp4l7oQU0ASVtv3pdSKaCAg15USppuvEupUSqRnlMMx7iYKY0D7pQtPQkAhQrXQUbYj3jdLBQSTNCzUeqb83UiKUGgjfTGZB1LSXif95zUQHp62UhXGiIaTjQ0HCsY5w1hPuMAlU84EhhEpm/oppj0hCtWkzb0pwpyPPktpR0XWK7vVxoXQ2qSOHdtEeOkAuOkEldIEqqIooekTP6BW9WU/Wi/VufYxH56zJzg76A+vrBzbroEg=</latexit><latexit sha1_base64="vNhGrYaqGwBp7+niCbf3Yoh3U5o=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUGZE0GWrGxcKFe0DOrVk0jttbDIzJBmhDP0ON/6KGxeKuBM3/o2ZtgttPRA4nHMvN+f4MWdKO863NTe/sLi0nFvJr66tb2zaW9s1FSWSQpVGPJINnyjgLISqZppDI5ZAhM+h7vfPM7/+AFKxKLzVgxhagnRDFjBKtJHatusJonuU8PRy6KkkVqDxfdujPYbLd14smQB8aJTUkwLfXA1xuW0XnKIzAp4l7oQU0ASVtv3pdSKaCAg15USppuvEupUSqRnlMMx7iYKY0D7pQtPQkAhQrXQUbYj3jdLBQSTNCzUeqb83UiKUGgjfTGZB1LSXif95zUQHp62UhXGiIaTjQ0HCsY5w1hPuMAlU84EhhEpm/oppj0hCtWkzb0pwpyPPktpR0XWK7vVxoXQ2qSOHdtEeOkAuOkEldIEqqIooekTP6BW9WU/Wi/VufYxH56zJzg76A+vrBzbroEg=</latexit><latexit sha1_base64="vNhGrYaqGwBp7+niCbf3Yoh3U5o=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUGZE0GWrGxcKFe0DOrVk0jttbDIzJBmhDP0ON/6KGxeKuBM3/o2ZtgttPRA4nHMvN+f4MWdKO863NTe/sLi0nFvJr66tb2zaW9s1FSWSQpVGPJINnyjgLISqZppDI5ZAhM+h7vfPM7/+AFKxKLzVgxhagnRDFjBKtJHatusJonuU8PRy6KkkVqDxfdujPYbLd14smQB8aJTUkwLfXA1xuW0XnKIzAp4l7oQU0ASVtv3pdSKaCAg15USppuvEupUSqRnlMMx7iYKY0D7pQtPQkAhQrXQUbYj3jdLBQSTNCzUeqb83UiKUGgjfTGZB1LSXif95zUQHp62UhXGiIaTjQ0HCsY5w1hPuMAlU84EhhEpm/oppj0hCtWkzb0pwpyPPktpR0XWK7vVxoXQ2qSOHdtEeOkAuOkEldIEqqIooekTP6BW9WU/Wi/VufYxH56zJzg76A+vrBzbroEg=</latexit><latexit sha1_base64="vNhGrYaqGwBp7+niCbf3Yoh3U5o=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUGZE0GWrGxcKFe0DOrVk0jttbDIzJBmhDP0ON/6KGxeKuBM3/o2ZtgttPRA4nHMvN+f4MWdKO863NTe/sLi0nFvJr66tb2zaW9s1FSWSQpVGPJINnyjgLISqZppDI5ZAhM+h7vfPM7/+AFKxKLzVgxhagnRDFjBKtJHatusJonuU8PRy6KkkVqDxfdujPYbLd14smQB8aJTUkwLfXA1xuW0XnKIzAp4l7oQU0ASVtv3pdSKaCAg15USppuvEupUSqRnlMMx7iYKY0D7pQtPQkAhQrXQUbYj3jdLBQSTNCzUeqb83UiKUGgjfTGZB1LSXif95zUQHp62UhXGiIaTjQ0HCsY5w1hPuMAlU84EhhEpm/oppj0hCtWkzb0pwpyPPktpR0XWK7vVxoXQ2qSOHdtEeOkAuOkEldIEqqIooekTP6BW9WU/Wi/VufYxH56zJzg76A+vrBzbroEg=</latexit>

L � jSM(A+ ✏A0) + j�A
0

<latexit sha1_base64="C5OMqwYpbH1JO0zKMKU1vN5ae+U="></latexit><latexit sha1_base64="C5OMqwYpbH1JO0zKMKU1vN5ae+U="></latexit><latexit sha1_base64="C5OMqwYpbH1JO0zKMKU1vN5ae+U="></latexit><latexit sha1_base64="C5OMqwYpbH1JO0zKMKU1vN5ae+U="></latexit>



ALTERNATIVE MEDIATORS

L � �1

4
F 2 � 1

4
F 02 +

✏

2
FF 0 +

m2
A0

2
A02

<latexit sha1_base64="8ShCWE04mGziX9d9Nl1nT6OOrSY="></latexit><latexit sha1_base64="8ShCWE04mGziX9d9Nl1nT6OOrSY="></latexit><latexit sha1_base64="8ShCWE04mGziX9d9Nl1nT6OOrSY="></latexit><latexit sha1_base64="8ShCWE04mGziX9d9Nl1nT6OOrSY="></latexit>

L � j�A
0 + jSMA

<latexit sha1_base64="vNhGrYaqGwBp7+niCbf3Yoh3U5o=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUGZE0GWrGxcKFe0DOrVk0jttbDIzJBmhDP0ON/6KGxeKuBM3/o2ZtgttPRA4nHMvN+f4MWdKO863NTe/sLi0nFvJr66tb2zaW9s1FSWSQpVGPJINnyjgLISqZppDI5ZAhM+h7vfPM7/+AFKxKLzVgxhagnRDFjBKtJHatusJonuU8PRy6KkkVqDxfdujPYbLd14smQB8aJTUkwLfXA1xuW0XnKIzAp4l7oQU0ASVtv3pdSKaCAg15USppuvEupUSqRnlMMx7iYKY0D7pQtPQkAhQrXQUbYj3jdLBQSTNCzUeqb83UiKUGgjfTGZB1LSXif95zUQHp62UhXGiIaTjQ0HCsY5w1hPuMAlU84EhhEpm/oppj0hCtWkzb0pwpyPPktpR0XWK7vVxoXQ2qSOHdtEeOkAuOkEldIEqqIooekTP6BW9WU/Wi/VufYxH56zJzg76A+vrBzbroEg=</latexit><latexit sha1_base64="vNhGrYaqGwBp7+niCbf3Yoh3U5o=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUGZE0GWrGxcKFe0DOrVk0jttbDIzJBmhDP0ON/6KGxeKuBM3/o2ZtgttPRA4nHMvN+f4MWdKO863NTe/sLi0nFvJr66tb2zaW9s1FSWSQpVGPJINnyjgLISqZppDI5ZAhM+h7vfPM7/+AFKxKLzVgxhagnRDFjBKtJHatusJonuU8PRy6KkkVqDxfdujPYbLd14smQB8aJTUkwLfXA1xuW0XnKIzAp4l7oQU0ASVtv3pdSKaCAg15USppuvEupUSqRnlMMx7iYKY0D7pQtPQkAhQrXQUbYj3jdLBQSTNCzUeqb83UiKUGgjfTGZB1LSXif95zUQHp62UhXGiIaTjQ0HCsY5w1hPuMAlU84EhhEpm/oppj0hCtWkzb0pwpyPPktpR0XWK7vVxoXQ2qSOHdtEeOkAuOkEldIEqqIooekTP6BW9WU/Wi/VufYxH56zJzg76A+vrBzbroEg=</latexit><latexit sha1_base64="vNhGrYaqGwBp7+niCbf3Yoh3U5o=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUGZE0GWrGxcKFe0DOrVk0jttbDIzJBmhDP0ON/6KGxeKuBM3/o2ZtgttPRA4nHMvN+f4MWdKO863NTe/sLi0nFvJr66tb2zaW9s1FSWSQpVGPJINnyjgLISqZppDI5ZAhM+h7vfPM7/+AFKxKLzVgxhagnRDFjBKtJHatusJonuU8PRy6KkkVqDxfdujPYbLd14smQB8aJTUkwLfXA1xuW0XnKIzAp4l7oQU0ASVtv3pdSKaCAg15USppuvEupUSqRnlMMx7iYKY0D7pQtPQkAhQrXQUbYj3jdLBQSTNCzUeqb83UiKUGgjfTGZB1LSXif95zUQHp62UhXGiIaTjQ0HCsY5w1hPuMAlU84EhhEpm/oppj0hCtWkzb0pwpyPPktpR0XWK7vVxoXQ2qSOHdtEeOkAuOkEldIEqqIooekTP6BW9WU/Wi/VufYxH56zJzg76A+vrBzbroEg=</latexit><latexit sha1_base64="vNhGrYaqGwBp7+niCbf3Yoh3U5o=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUGZE0GWrGxcKFe0DOrVk0jttbDIzJBmhDP0ON/6KGxeKuBM3/o2ZtgttPRA4nHMvN+f4MWdKO863NTe/sLi0nFvJr66tb2zaW9s1FSWSQpVGPJINnyjgLISqZppDI5ZAhM+h7vfPM7/+AFKxKLzVgxhagnRDFjBKtJHatusJonuU8PRy6KkkVqDxfdujPYbLd14smQB8aJTUkwLfXA1xuW0XnKIzAp4l7oQU0ASVtv3pdSKaCAg15USppuvEupUSqRnlMMx7iYKY0D7pQtPQkAhQrXQUbYj3jdLBQSTNCzUeqb83UiKUGgjfTGZB1LSXif95zUQHp62UhXGiIaTjQ0HCsY5w1hPuMAlU84EhhEpm/oppj0hCtWkzb0pwpyPPktpR0XWK7vVxoXQ2qSOHdtEeOkAuOkEldIEqqIooekTP6BW9WU/Wi/VufYxH56zJzg76A+vrBzbroEg=</latexit>

qe↵ =

⇢
✏e0/e
q

<latexit sha1_base64="vJLD/oxkpbOQQrcUxWtdHnl5BOc="></latexit><latexit sha1_base64="vJLD/oxkpbOQQrcUxWtdHnl5BOc="></latexit><latexit sha1_base64="vJLD/oxkpbOQQrcUxWtdHnl5BOc="></latexit><latexit sha1_base64="vJLD/oxkpbOQQrcUxWtdHnl5BOc="></latexit>

j� / e0, jSM / e
<latexit sha1_base64="K2mhLkZeZA6DSDZlsvE2aFtVhaA=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwIWVGBV0W3bgRKtoHdOqQSW/btMnMmGSEMvRD3Pgrblwo4saF4N+YPkBtPRA4nHMuN/cEMWdKO86XlZmbX1hcyi7nVlbX1jfsza2KihJJoUwjHslaQBRwFkJZM82hFksgIuBQDXrnQ796D1KxKLzR/RgagrRD1mKUaCP59lHX92iHYS+WUawjDLeGMQEH2LtLSBN3/dSTAl9fDn4ivp13Cs4IeJa4E5JHE5R8+8NrRjQREGrKiVJ114l1IyVSM8phkPMSBTGhPdKGuqEhEaAa6ei4Ad4zShO3ImleqPFI/T2REqFUXwQmKYjuqGlvKP7n1RPdOm2kLIwTDSEdL2olHJsTh03hJpNANe8bQqhk5q+YdogkVJs+c6YEd/rkWVI5LLhOwb06zhfPJnVk0Q7aRfvIRSeoiC5QCZURRQ/oCb2gV+vRerberPdxNGNNZrbRH1if3wuWoVI=</latexit><latexit sha1_base64="K2mhLkZeZA6DSDZlsvE2aFtVhaA=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwIWVGBV0W3bgRKtoHdOqQSW/btMnMmGSEMvRD3Pgrblwo4saF4N+YPkBtPRA4nHMuN/cEMWdKO86XlZmbX1hcyi7nVlbX1jfsza2KihJJoUwjHslaQBRwFkJZM82hFksgIuBQDXrnQ796D1KxKLzR/RgagrRD1mKUaCP59lHX92iHYS+WUawjDLeGMQEH2LtLSBN3/dSTAl9fDn4ivp13Cs4IeJa4E5JHE5R8+8NrRjQREGrKiVJ114l1IyVSM8phkPMSBTGhPdKGuqEhEaAa6ei4Ad4zShO3ImleqPFI/T2REqFUXwQmKYjuqGlvKP7n1RPdOm2kLIwTDSEdL2olHJsTh03hJpNANe8bQqhk5q+YdogkVJs+c6YEd/rkWVI5LLhOwb06zhfPJnVk0Q7aRfvIRSeoiC5QCZURRQ/oCb2gV+vRerberPdxNGNNZrbRH1if3wuWoVI=</latexit><latexit sha1_base64="K2mhLkZeZA6DSDZlsvE2aFtVhaA=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwIWVGBV0W3bgRKtoHdOqQSW/btMnMmGSEMvRD3Pgrblwo4saF4N+YPkBtPRA4nHMuN/cEMWdKO86XlZmbX1hcyi7nVlbX1jfsza2KihJJoUwjHslaQBRwFkJZM82hFksgIuBQDXrnQ796D1KxKLzR/RgagrRD1mKUaCP59lHX92iHYS+WUawjDLeGMQEH2LtLSBN3/dSTAl9fDn4ivp13Cs4IeJa4E5JHE5R8+8NrRjQREGrKiVJ114l1IyVSM8phkPMSBTGhPdKGuqEhEaAa6ei4Ad4zShO3ImleqPFI/T2REqFUXwQmKYjuqGlvKP7n1RPdOm2kLIwTDSEdL2olHJsTh03hJpNANe8bQqhk5q+YdogkVJs+c6YEd/rkWVI5LLhOwb06zhfPJnVk0Q7aRfvIRSeoiC5QCZURRQ/oCb2gV+vRerberPdxNGNNZrbRH1if3wuWoVI=</latexit><latexit sha1_base64="K2mhLkZeZA6DSDZlsvE2aFtVhaA=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwIWVGBV0W3bgRKtoHdOqQSW/btMnMmGSEMvRD3Pgrblwo4saF4N+YPkBtPRA4nHMuN/cEMWdKO86XlZmbX1hcyi7nVlbX1jfsza2KihJJoUwjHslaQBRwFkJZM82hFksgIuBQDXrnQ796D1KxKLzR/RgagrRD1mKUaCP59lHX92iHYS+WUawjDLeGMQEH2LtLSBN3/dSTAl9fDn4ivp13Cs4IeJa4E5JHE5R8+8NrRjQREGrKiVJ114l1IyVSM8phkPMSBTGhPdKGuqEhEaAa6ei4Ad4zShO3ImleqPFI/T2REqFUXwQmKYjuqGlvKP7n1RPdOm2kLIwTDSEdL2olHJsTh03hJpNANe8bQqhk5q+YdogkVJs+c6YEd/rkWVI5LLhOwb06zhfPJnVk0Q7aRfvIRSeoiC5QCZURRQ/oCb2gV+vRerberPdxNGNNZrbRH1if3wuWoVI=</latexit>



VECTOR MEDIATORS

(viable for
sub-MeV freeze-in)

gSM ⇠ m2
A0

<latexit sha1_base64="hrz/xyPl2NxXGfNlcqy+gAohLFk=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRF0GXVjRuhon1Ak4bJdNoOnZmEmYlQQnZu/BU3LhRx6y+482+ctllo64ELh3Pu5d57wphRpR3n2yosLa+srhXXSxubW9s79u5eU0WJxKSBIxbJdogUYVSQhqaakXYsCeIhI61wdDXxWw9EKhqJez2Oic/RQNA+xUgbKbAPB0HqSQ7vbjLoKcohD9KLrhdLyknWrQZ22ak4U8BF4uakDHLUA/vL60U44URozJBSHdeJtZ8iqSlmJCt5iSIxwiM0IB1DBeJE+en0jwweG6UH+5E0JTScqr8nUsSVGvPQdHKkh2rem4j/eZ1E98/9lIo40UTg2aJ+wqCO4CQU2KOSYM3GhiAsqbkV4iGSCGsTXcmE4M6/vEia1YrrVNzb03LtMo+jCA7AETgBLjgDNXAN6qABMHgEz+AVvFlP1ov1bn3MWgtWPrMP/sD6/AE2Upjh</latexit><latexit sha1_base64="hrz/xyPl2NxXGfNlcqy+gAohLFk=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRF0GXVjRuhon1Ak4bJdNoOnZmEmYlQQnZu/BU3LhRx6y+482+ctllo64ELh3Pu5d57wphRpR3n2yosLa+srhXXSxubW9s79u5eU0WJxKSBIxbJdogUYVSQhqaakXYsCeIhI61wdDXxWw9EKhqJez2Oic/RQNA+xUgbKbAPB0HqSQ7vbjLoKcohD9KLrhdLyknWrQZ22ak4U8BF4uakDHLUA/vL60U44URozJBSHdeJtZ8iqSlmJCt5iSIxwiM0IB1DBeJE+en0jwweG6UH+5E0JTScqr8nUsSVGvPQdHKkh2rem4j/eZ1E98/9lIo40UTg2aJ+wqCO4CQU2KOSYM3GhiAsqbkV4iGSCGsTXcmE4M6/vEia1YrrVNzb03LtMo+jCA7AETgBLjgDNXAN6qABMHgEz+AVvFlP1ov1bn3MWgtWPrMP/sD6/AE2Upjh</latexit><latexit sha1_base64="hrz/xyPl2NxXGfNlcqy+gAohLFk=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRF0GXVjRuhon1Ak4bJdNoOnZmEmYlQQnZu/BU3LhRx6y+482+ctllo64ELh3Pu5d57wphRpR3n2yosLa+srhXXSxubW9s79u5eU0WJxKSBIxbJdogUYVSQhqaakXYsCeIhI61wdDXxWw9EKhqJez2Oic/RQNA+xUgbKbAPB0HqSQ7vbjLoKcohD9KLrhdLyknWrQZ22ak4U8BF4uakDHLUA/vL60U44URozJBSHdeJtZ8iqSlmJCt5iSIxwiM0IB1DBeJE+en0jwweG6UH+5E0JTScqr8nUsSVGvPQdHKkh2rem4j/eZ1E98/9lIo40UTg2aJ+wqCO4CQU2KOSYM3GhiAsqbkV4iGSCGsTXcmE4M6/vEia1YrrVNzb03LtMo+jCA7AETgBLjgDNXAN6qABMHgEz+AVvFlP1ov1bn3MWgtWPrMP/sD6/AE2Upjh</latexit><latexit sha1_base64="hrz/xyPl2NxXGfNlcqy+gAohLFk=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRF0GXVjRuhon1Ak4bJdNoOnZmEmYlQQnZu/BU3LhRx6y+482+ctllo64ELh3Pu5d57wphRpR3n2yosLa+srhXXSxubW9s79u5eU0WJxKSBIxbJdogUYVSQhqaakXYsCeIhI61wdDXxWw9EKhqJez2Oic/RQNA+xUgbKbAPB0HqSQ7vbjLoKcohD9KLrhdLyknWrQZ22ak4U8BF4uakDHLUA/vL60U44URozJBSHdeJtZ8iqSlmJCt5iSIxwiM0IB1DBeJE+en0jwweG6UH+5E0JTScqr8nUsSVGvPQdHKkh2rem4j/eZ1E98/9lIo40UTg2aJ+wqCO4CQU2KOSYM3GhiAsqbkV4iGSCGsTXcmE4M6/vEia1YrrVNzb03LtMo+jCA7AETgBLjgDNXAN6qABMHgEz+AVvFlP1ov1bn3MWgtWPrMP/sD6/AE2Upjh</latexit>

m�1
A0 � meter

<latexit sha1_base64="lk+qlWcmk23wnIVxemdkspVBcqw=">AAACCnicdVBNSwMxEM36WetX1aOXaBG8WBIRrbeqF48VbBW6tWTTaQ0mu0uSFcqyZy/+FS8eFPHqL/DmvzHbVlDRBwOP92aYmRfEUhhLyIc3MTk1PTNbmCvOLywuLZdWVpsmSjSHBo9kpC8DZkCKEBpWWAmXsQamAgkXwc1J7l/cgjYiCs/tIIa2Yv1Q9ARn1kmd0obqpEdXfqyFguwq3aEZ9vt9nPpaYQUWdNYplUmFEEIpxTmhB/vEkcPD6i6tYppbDmU0Rr1Teve7EU8UhJZLZkyLkti2U6at4BKyop8YiBm/YX1oORoyBaadDl/J8JZTurgXaVehxUP1+0TKlDEDFbhOxey1+e3l4l9eK7G9ajsVYZxYCPloUS+R2EY4zwV3hQZu5cARxrVwt2J+zTTjLgNTdCF8fYr/J83dCiUVerZXrh2P4yigdbSJthFFB6iGTlEdNRBHd+gBPaFn79579F6811HrhDeeWUM/4L19AjBWmpU=</latexit><latexit sha1_base64="lk+qlWcmk23wnIVxemdkspVBcqw=">AAACCnicdVBNSwMxEM36WetX1aOXaBG8WBIRrbeqF48VbBW6tWTTaQ0mu0uSFcqyZy/+FS8eFPHqL/DmvzHbVlDRBwOP92aYmRfEUhhLyIc3MTk1PTNbmCvOLywuLZdWVpsmSjSHBo9kpC8DZkCKEBpWWAmXsQamAgkXwc1J7l/cgjYiCs/tIIa2Yv1Q9ARn1kmd0obqpEdXfqyFguwq3aEZ9vt9nPpaYQUWdNYplUmFEEIpxTmhB/vEkcPD6i6tYppbDmU0Rr1Teve7EU8UhJZLZkyLkti2U6at4BKyop8YiBm/YX1oORoyBaadDl/J8JZTurgXaVehxUP1+0TKlDEDFbhOxey1+e3l4l9eK7G9ajsVYZxYCPloUS+R2EY4zwV3hQZu5cARxrVwt2J+zTTjLgNTdCF8fYr/J83dCiUVerZXrh2P4yigdbSJthFFB6iGTlEdNRBHd+gBPaFn79579F6811HrhDeeWUM/4L19AjBWmpU=</latexit><latexit sha1_base64="lk+qlWcmk23wnIVxemdkspVBcqw=">AAACCnicdVBNSwMxEM36WetX1aOXaBG8WBIRrbeqF48VbBW6tWTTaQ0mu0uSFcqyZy/+FS8eFPHqL/DmvzHbVlDRBwOP92aYmRfEUhhLyIc3MTk1PTNbmCvOLywuLZdWVpsmSjSHBo9kpC8DZkCKEBpWWAmXsQamAgkXwc1J7l/cgjYiCs/tIIa2Yv1Q9ARn1kmd0obqpEdXfqyFguwq3aEZ9vt9nPpaYQUWdNYplUmFEEIpxTmhB/vEkcPD6i6tYppbDmU0Rr1Teve7EU8UhJZLZkyLkti2U6at4BKyop8YiBm/YX1oORoyBaadDl/J8JZTurgXaVehxUP1+0TKlDEDFbhOxey1+e3l4l9eK7G9ajsVYZxYCPloUS+R2EY4zwV3hQZu5cARxrVwt2J+zTTjLgNTdCF8fYr/J83dCiUVerZXrh2P4yigdbSJthFFB6iGTlEdNRBHd+gBPaFn79579F6811HrhDeeWUM/4L19AjBWmpU=</latexit><latexit sha1_base64="lk+qlWcmk23wnIVxemdkspVBcqw=">AAACCnicdVBNSwMxEM36WetX1aOXaBG8WBIRrbeqF48VbBW6tWTTaQ0mu0uSFcqyZy/+FS8eFPHqL/DmvzHbVlDRBwOP92aYmRfEUhhLyIc3MTk1PTNbmCvOLywuLZdWVpsmSjSHBo9kpC8DZkCKEBpWWAmXsQamAgkXwc1J7l/cgjYiCs/tIIa2Yv1Q9ARn1kmd0obqpEdXfqyFguwq3aEZ9vt9nPpaYQUWdNYplUmFEEIpxTmhB/vEkcPD6i6tYppbDmU0Rr1Teve7EU8UhJZLZkyLkti2U6at4BKyop8YiBm/YX1oORoyBaadDl/J8JZTurgXaVehxUP1+0TKlDEDFbhOxey1+e3l4l9eK7G9ajsVYZxYCPloUS+R2EY4zwV3hQZu5cARxrVwt2J+zTTjLgNTdCF8fYr/J83dCiUVerZXrh2P4yigdbSJthFFB6iGTlEdNRBHd+gBPaFn79579F6811HrhDeeWUM/4L19AjBWmpU=</latexit>



SUMMARY

1. Two Predictive Models: Millicharged DM (SM photon only) and 
pseudo-Millicharged (heavy photon). Same phenomenology if the 
heavy photon mass is smaller than the detector size. [N.B. 
controversies on MilliQ being expelled by the galactic B-field] 

2. Vector mediators are the natural first step experimentally (require 
manipulating electric fields). 

3. Alternatives (~keV spin-0 mediators) are possible, but currently 
invisible experimentally (both to DD and our concept).
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MANIPULATING MILLICHARGES
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Velocity distribution 
inside the galaxy:

Boost to the lab 
frame:

v ! v + v� + v�
<latexit sha1_base64="FWCBuWqRNYQIafFfNqxquK1GbRU=">AAACGHicbZBNS8MwGMfT+TbnW9Wjl+AQBGG2Iuhx6MXjBPcCaylpmm5haVKSdDBKP4YXv4oXD4p43c1vY7b1oJt/CPzyf56H5PmHKaNKO863VVlb39jcqm7Xdnb39g/sw6OOEpnEpI0FE7IXIkUY5aStqWakl0qCkpCRbji6n9W7YyIVFfxJT1LiJ2jAaUwx0sYK7MvcC2M4LqCnBTSYj4uL0go8EQn965ayTAV23Wk4c8FVcEuog1KtwJ56kcBZQrjGDCnVd51U+zmSmmJGipqXKZIiPEID0jfIUUKUn88XK+CZcSIYC2kO13Du/p7IUaLUJAlNZ4L0UC3XZuZ/tX6m41s/pzzNNOF48VCcMWhCmKUEIyoJ1mxiAGFJzV8hHiKJsDZZ1kwI7vLKq9C5arhOw328rjfvyjiq4AScgnPgghvQBA+gBdoAg2fwCt7Bh/VivVmf1teitWKVM8fgj6zpD/m6oF0=</latexit><latexit sha1_base64="FWCBuWqRNYQIafFfNqxquK1GbRU=">AAACGHicbZBNS8MwGMfT+TbnW9Wjl+AQBGG2Iuhx6MXjBPcCaylpmm5haVKSdDBKP4YXv4oXD4p43c1vY7b1oJt/CPzyf56H5PmHKaNKO863VVlb39jcqm7Xdnb39g/sw6OOEpnEpI0FE7IXIkUY5aStqWakl0qCkpCRbji6n9W7YyIVFfxJT1LiJ2jAaUwx0sYK7MvcC2M4LqCnBTSYj4uL0go8EQn965ayTAV23Wk4c8FVcEuog1KtwJ56kcBZQrjGDCnVd51U+zmSmmJGipqXKZIiPEID0jfIUUKUn88XK+CZcSIYC2kO13Du/p7IUaLUJAlNZ4L0UC3XZuZ/tX6m41s/pzzNNOF48VCcMWhCmKUEIyoJ1mxiAGFJzV8hHiKJsDZZ1kwI7vLKq9C5arhOw328rjfvyjiq4AScgnPgghvQBA+gBdoAg2fwCt7Bh/VivVmf1teitWKVM8fgj6zpD/m6oF0=</latexit><latexit sha1_base64="FWCBuWqRNYQIafFfNqxquK1GbRU=">AAACGHicbZBNS8MwGMfT+TbnW9Wjl+AQBGG2Iuhx6MXjBPcCaylpmm5haVKSdDBKP4YXv4oXD4p43c1vY7b1oJt/CPzyf56H5PmHKaNKO863VVlb39jcqm7Xdnb39g/sw6OOEpnEpI0FE7IXIkUY5aStqWakl0qCkpCRbji6n9W7YyIVFfxJT1LiJ2jAaUwx0sYK7MvcC2M4LqCnBTSYj4uL0go8EQn965ayTAV23Wk4c8FVcEuog1KtwJ56kcBZQrjGDCnVd51U+zmSmmJGipqXKZIiPEID0jfIUUKUn88XK+CZcSIYC2kO13Du/p7IUaLUJAlNZ4L0UC3XZuZ/tX6m41s/pzzNNOF48VCcMWhCmKUEIyoJ1mxiAGFJzV8hHiKJsDZZ1kwI7vLKq9C5arhOw328rjfvyjiq4AScgnPgghvQBA+gBdoAg2fwCt7Bh/VivVmf1teitWKVM8fgj6zpD/m6oF0=</latexit><latexit sha1_base64="FWCBuWqRNYQIafFfNqxquK1GbRU=">AAACGHicbZBNS8MwGMfT+TbnW9Wjl+AQBGG2Iuhx6MXjBPcCaylpmm5haVKSdDBKP4YXv4oXD4p43c1vY7b1oJt/CPzyf56H5PmHKaNKO863VVlb39jcqm7Xdnb39g/sw6OOEpnEpI0FE7IXIkUY5aStqWakl0qCkpCRbji6n9W7YyIVFfxJT1LiJ2jAaUwx0sYK7MvcC2M4LqCnBTSYj4uL0go8EQn965ayTAV23Wk4c8FVcEuog1KtwJ56kcBZQrjGDCnVd51U+zmSmmJGipqXKZIiPEID0jfIUUKUn88XK+CZcSIYC2kO13Du/p7IUaLUJAlNZ4L0UC3XZuZ/tX6m41s/pzzNNOF48VCcMWhCmKUEIyoJ1mxiAGFJzV8hHiKJsDZZ1kwI7vLKq9C5arhOw328rjfvyjiq4AScgnPgghvQBA+gBdoAg2fwCt7Bh/VivVmf1teitWKVM8fgj6zpD/m6oF0=</latexit>

v� ' 10�3, v� ' 10�4
<latexit sha1_base64="pDOz97DxJuEgkd0xyLMOJYKx7wI=">AAACHnicbVDLSgMxFM34rPVVdekmWAQXWma0osuiG5cV7AM6tWQymTY0k0yTTKEM8yVu/BU3LhQRXOnfmLazsK0HLhzOuZd77/EiRpW27R9raXlldW09t5Hf3Nre2S3s7deViCUmNSyYkE0PKcIoJzVNNSPNSBIUeow0vP7t2G8MiVRU8Ac9ikg7RF1OA4qRNlKncDnsuMIXGrqKhmQAHfsxObtIT6E7iJEPx27EYjVjl9NOoWiX7AngInEyUgQZqp3Cl+sLHIeEa8yQUi3HjnQ7QVJTzEiad2NFIoT7qEtahnIUEtVOJu+l8NgoPgyENMU1nKh/JxIUKjUKPdMZIt1T895Y/M9rxTq4bieUR7EmHE8XBTGDWsBxVtCnkmDNRoYgLKm5FeIekghrk2jehODMv7xI6uclxy459+Vi5SaLIwcOwRE4AQ64AhVwB6qgBjB4Ai/gDbxbz9ar9WF9TluXrGzmAMzA+v4F/A6hIA==</latexit><latexit sha1_base64="pDOz97DxJuEgkd0xyLMOJYKx7wI=">AAACHnicbVDLSgMxFM34rPVVdekmWAQXWma0osuiG5cV7AM6tWQymTY0k0yTTKEM8yVu/BU3LhQRXOnfmLazsK0HLhzOuZd77/EiRpW27R9raXlldW09t5Hf3Nre2S3s7deViCUmNSyYkE0PKcIoJzVNNSPNSBIUeow0vP7t2G8MiVRU8Ac9ikg7RF1OA4qRNlKncDnsuMIXGrqKhmQAHfsxObtIT6E7iJEPx27EYjVjl9NOoWiX7AngInEyUgQZqp3Cl+sLHIeEa8yQUi3HjnQ7QVJTzEiad2NFIoT7qEtahnIUEtVOJu+l8NgoPgyENMU1nKh/JxIUKjUKPdMZIt1T895Y/M9rxTq4bieUR7EmHE8XBTGDWsBxVtCnkmDNRoYgLKm5FeIekghrk2jehODMv7xI6uclxy459+Vi5SaLIwcOwRE4AQ64AhVwB6qgBjB4Ai/gDbxbz9ar9WF9TluXrGzmAMzA+v4F/A6hIA==</latexit><latexit sha1_base64="pDOz97DxJuEgkd0xyLMOJYKx7wI=">AAACHnicbVDLSgMxFM34rPVVdekmWAQXWma0osuiG5cV7AM6tWQymTY0k0yTTKEM8yVu/BU3LhQRXOnfmLazsK0HLhzOuZd77/EiRpW27R9raXlldW09t5Hf3Nre2S3s7deViCUmNSyYkE0PKcIoJzVNNSPNSBIUeow0vP7t2G8MiVRU8Ac9ikg7RF1OA4qRNlKncDnsuMIXGrqKhmQAHfsxObtIT6E7iJEPx27EYjVjl9NOoWiX7AngInEyUgQZqp3Cl+sLHIeEa8yQUi3HjnQ7QVJTzEiad2NFIoT7qEtahnIUEtVOJu+l8NgoPgyENMU1nKh/JxIUKjUKPdMZIt1T895Y/M9rxTq4bieUR7EmHE8XBTGDWsBxVtCnkmDNRoYgLKm5FeIekghrk2jehODMv7xI6uclxy459+Vi5SaLIwcOwRE4AQ64AhVwB6qgBjB4Ai/gDbxbz9ar9WF9TluXrGzmAMzA+v4F/A6hIA==</latexit><latexit sha1_base64="pDOz97DxJuEgkd0xyLMOJYKx7wI=">AAACHnicbVDLSgMxFM34rPVVdekmWAQXWma0osuiG5cV7AM6tWQymTY0k0yTTKEM8yVu/BU3LhQRXOnfmLazsK0HLhzOuZd77/EiRpW27R9raXlldW09t5Hf3Nre2S3s7deViCUmNSyYkE0PKcIoJzVNNSPNSBIUeow0vP7t2G8MiVRU8Ac9ikg7RF1OA4qRNlKncDnsuMIXGrqKhmQAHfsxObtIT6E7iJEPx27EYjVjl9NOoWiX7AngInEyUgQZqp3Cl+sLHIeEa8yQUi3HjnQ7QVJTzEiad2NFIoT7qEtahnIUEtVOJu+l8NgoPgyENMU1nKh/JxIUKjUKPdMZIt1T895Y/M9rxTq4bieUR7EmHE8XBTGDWsBxVtCnkmDNRoYgLKm5FeIekghrk2jehODMv7xI6uclxy459+Vi5SaLIwcOwRE4AQ64AhVwB6qgBjB4Ai/gDbxbz9ar9WF9TluXrGzmAMzA+v4F/A6hIA==</latexit>
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DISPERSION



DARK MATTER MOTION

f(v) ⇠ e�v2/v2
0 , v0 ' 10�3

<latexit sha1_base64="xtWrZ2PP6fc59K0joFpNnkv37J8=">AAACGnicbVDLSgMxFM34rPU16tJNsAgVtM5UQZdFNy4r2Af0RSa904ZmHk0yhTL0O9z4K25cKOJO3Pg3ZtpZaOuBwMk555Lc44ScSWVZ38bS8srq2npmI7u5tb2za+7tV2UQCQoVGvBA1B0igTMfKoopDvVQAPEcDjVncJv4tREIyQL/QY1DaHmk5zOXUaK01DFtNz86aUrmYWjHZ6N28XzUsdrFySluDiPSxfqGExuG2LZ04mLSMXNWwZoCLxI7JTmUotwxP5vdgEYe+IpyImXDtkLViolQjHKYZJuRhJDQAelBQ1OfeCBb8XS1CT7WShe7gdDHV3iq/p6IiSfl2HN00iOqL+e9RPzPa0TKvW7FzA8jBT6dPeRGHKsAJz3hLhNAFR9rQqhg+q+Y9okgVOk2s7oEe37lRVItFmyrYN9f5ko3aR0ZdIiOUB7Z6AqV0B0qowqi6BE9o1f0ZjwZL8a78TGLLhnpzAH6A+PrB0hdnoM=</latexit><latexit sha1_base64="xtWrZ2PP6fc59K0joFpNnkv37J8=">AAACGnicbVDLSgMxFM34rPU16tJNsAgVtM5UQZdFNy4r2Af0RSa904ZmHk0yhTL0O9z4K25cKOJO3Pg3ZtpZaOuBwMk555Lc44ScSWVZ38bS8srq2npmI7u5tb2za+7tV2UQCQoVGvBA1B0igTMfKoopDvVQAPEcDjVncJv4tREIyQL/QY1DaHmk5zOXUaK01DFtNz86aUrmYWjHZ6N28XzUsdrFySluDiPSxfqGExuG2LZ04mLSMXNWwZoCLxI7JTmUotwxP5vdgEYe+IpyImXDtkLViolQjHKYZJuRhJDQAelBQ1OfeCBb8XS1CT7WShe7gdDHV3iq/p6IiSfl2HN00iOqL+e9RPzPa0TKvW7FzA8jBT6dPeRGHKsAJz3hLhNAFR9rQqhg+q+Y9okgVOk2s7oEe37lRVItFmyrYN9f5ko3aR0ZdIiOUB7Z6AqV0B0qowqi6BE9o1f0ZjwZL8a78TGLLhnpzAH6A+PrB0hdnoM=</latexit><latexit sha1_base64="xtWrZ2PP6fc59K0joFpNnkv37J8=">AAACGnicbVDLSgMxFM34rPU16tJNsAgVtM5UQZdFNy4r2Af0RSa904ZmHk0yhTL0O9z4K25cKOJO3Pg3ZtpZaOuBwMk555Lc44ScSWVZ38bS8srq2npmI7u5tb2za+7tV2UQCQoVGvBA1B0igTMfKoopDvVQAPEcDjVncJv4tREIyQL/QY1DaHmk5zOXUaK01DFtNz86aUrmYWjHZ6N28XzUsdrFySluDiPSxfqGExuG2LZ04mLSMXNWwZoCLxI7JTmUotwxP5vdgEYe+IpyImXDtkLViolQjHKYZJuRhJDQAelBQ1OfeCBb8XS1CT7WShe7gdDHV3iq/p6IiSfl2HN00iOqL+e9RPzPa0TKvW7FzA8jBT6dPeRGHKsAJz3hLhNAFR9rQqhg+q+Y9okgVOk2s7oEe37lRVItFmyrYN9f5ko3aR0ZdIiOUB7Z6AqV0B0qowqi6BE9o1f0ZjwZL8a78TGLLhnpzAH6A+PrB0hdnoM=</latexit><latexit sha1_base64="xtWrZ2PP6fc59K0joFpNnkv37J8=">AAACGnicbVDLSgMxFM34rPU16tJNsAgVtM5UQZdFNy4r2Af0RSa904ZmHk0yhTL0O9z4K25cKOJO3Pg3ZtpZaOuBwMk555Lc44ScSWVZ38bS8srq2npmI7u5tb2za+7tV2UQCQoVGvBA1B0igTMfKoopDvVQAPEcDjVncJv4tREIyQL/QY1DaHmk5zOXUaK01DFtNz86aUrmYWjHZ6N28XzUsdrFySluDiPSxfqGExuG2LZ04mLSMXNWwZoCLxI7JTmUotwxP5vdgEYe+IpyImXDtkLViolQjHKYZJuRhJDQAelBQ1OfeCBb8XS1CT7WShe7gdDHV3iq/p6IiSfl2HN00iOqL+e9RPzPa0TKvW7FzA8jBT6dPeRGHKsAJz3hLhNAFR9rQqhg+q+Y9okgVOk2s7oEe37lRVItFmyrYN9f5ko3aR0ZdIiOUB7Z6AqV0B0qowqi6BE9o1f0ZjwZL8a78TGLLhnpzAH6A+PrB0hdnoM=</latexit>

Velocity distribution 
inside the galaxy:

Boost to the lab 
frame:

v ! v + v� + v�
<latexit sha1_base64="FWCBuWqRNYQIafFfNqxquK1GbRU=">AAACGHicbZBNS8MwGMfT+TbnW9Wjl+AQBGG2Iuhx6MXjBPcCaylpmm5haVKSdDBKP4YXv4oXD4p43c1vY7b1oJt/CPzyf56H5PmHKaNKO863VVlb39jcqm7Xdnb39g/sw6OOEpnEpI0FE7IXIkUY5aStqWakl0qCkpCRbji6n9W7YyIVFfxJT1LiJ2jAaUwx0sYK7MvcC2M4LqCnBTSYj4uL0go8EQn965ayTAV23Wk4c8FVcEuog1KtwJ56kcBZQrjGDCnVd51U+zmSmmJGipqXKZIiPEID0jfIUUKUn88XK+CZcSIYC2kO13Du/p7IUaLUJAlNZ4L0UC3XZuZ/tX6m41s/pzzNNOF48VCcMWhCmKUEIyoJ1mxiAGFJzV8hHiKJsDZZ1kwI7vLKq9C5arhOw328rjfvyjiq4AScgnPgghvQBA+gBdoAg2fwCt7Bh/VivVmf1teitWKVM8fgj6zpD/m6oF0=</latexit><latexit sha1_base64="FWCBuWqRNYQIafFfNqxquK1GbRU=">AAACGHicbZBNS8MwGMfT+TbnW9Wjl+AQBGG2Iuhx6MXjBPcCaylpmm5haVKSdDBKP4YXv4oXD4p43c1vY7b1oJt/CPzyf56H5PmHKaNKO863VVlb39jcqm7Xdnb39g/sw6OOEpnEpI0FE7IXIkUY5aStqWakl0qCkpCRbji6n9W7YyIVFfxJT1LiJ2jAaUwx0sYK7MvcC2M4LqCnBTSYj4uL0go8EQn965ayTAV23Wk4c8FVcEuog1KtwJ56kcBZQrjGDCnVd51U+zmSmmJGipqXKZIiPEID0jfIUUKUn88XK+CZcSIYC2kO13Du/p7IUaLUJAlNZ4L0UC3XZuZ/tX6m41s/pzzNNOF48VCcMWhCmKUEIyoJ1mxiAGFJzV8hHiKJsDZZ1kwI7vLKq9C5arhOw328rjfvyjiq4AScgnPgghvQBA+gBdoAg2fwCt7Bh/VivVmf1teitWKVM8fgj6zpD/m6oF0=</latexit><latexit sha1_base64="FWCBuWqRNYQIafFfNqxquK1GbRU=">AAACGHicbZBNS8MwGMfT+TbnW9Wjl+AQBGG2Iuhx6MXjBPcCaylpmm5haVKSdDBKP4YXv4oXD4p43c1vY7b1oJt/CPzyf56H5PmHKaNKO863VVlb39jcqm7Xdnb39g/sw6OOEpnEpI0FE7IXIkUY5aStqWakl0qCkpCRbji6n9W7YyIVFfxJT1LiJ2jAaUwx0sYK7MvcC2M4LqCnBTSYj4uL0go8EQn965ayTAV23Wk4c8FVcEuog1KtwJ56kcBZQrjGDCnVd51U+zmSmmJGipqXKZIiPEID0jfIUUKUn88XK+CZcSIYC2kO13Du/p7IUaLUJAlNZ4L0UC3XZuZ/tX6m41s/pzzNNOF48VCcMWhCmKUEIyoJ1mxiAGFJzV8hHiKJsDZZ1kwI7vLKq9C5arhOw328rjfvyjiq4AScgnPgghvQBA+gBdoAg2fwCt7Bh/VivVmf1teitWKVM8fgj6zpD/m6oF0=</latexit><latexit sha1_base64="FWCBuWqRNYQIafFfNqxquK1GbRU=">AAACGHicbZBNS8MwGMfT+TbnW9Wjl+AQBGG2Iuhx6MXjBPcCaylpmm5haVKSdDBKP4YXv4oXD4p43c1vY7b1oJt/CPzyf56H5PmHKaNKO863VVlb39jcqm7Xdnb39g/sw6OOEpnEpI0FE7IXIkUY5aStqWakl0qCkpCRbji6n9W7YyIVFfxJT1LiJ2jAaUwx0sYK7MvcC2M4LqCnBTSYj4uL0go8EQn965ayTAV23Wk4c8FVcEuog1KtwJ56kcBZQrjGDCnVd51U+zmSmmJGipqXKZIiPEID0jfIUUKUn88XK+CZcSIYC2kO13Du/p7IUaLUJAlNZ4L0UC3XZuZ/tX6m41s/pzzNNOF48VCcMWhCmKUEIyoJ1mxiAGFJzV8hHiKJsDZZ1kwI7vLKq9C5arhOw328rjfvyjiq4AScgnPgghvQBA+gBdoAg2fwCt7Bh/VivVmf1teitWKVM8fgj6zpD/m6oF0=</latexit>

v� ' 10�3, v� ' 10�4
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�V ' MV
⇣ m�

keV

⌘3/2

<latexit sha1_base64="1ZrJ7OKB1MPJnAuqqtyWuoB5zw8="></latexit><latexit sha1_base64="1ZrJ7OKB1MPJnAuqqtyWuoB5zw8="></latexit><latexit sha1_base64="1ZrJ7OKB1MPJnAuqqtyWuoB5zw8="></latexit><latexit sha1_base64="1ZrJ7OKB1MPJnAuqqtyWuoB5zw8="></latexit>

m�1
A0 � meter

<latexit sha1_base64="3lvgFj3cLeS83OpcklByMU/4sbM="></latexit><latexit sha1_base64="3lvgFj3cLeS83OpcklByMU/4sbM="></latexit><latexit sha1_base64="3lvgFj3cLeS83OpcklByMU/4sbM="></latexit><latexit sha1_base64="3lvgFj3cLeS83OpcklByMU/4sbM="></latexit>
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✓
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<latexit sha1_base64="eTthvEKZJYy2uGv0qKS1xX916GU="></latexit><latexit sha1_base64="eTthvEKZJYy2uGv0qKS1xX916GU="></latexit><latexit sha1_base64="eTthvEKZJYy2uGv0qKS1xX916GU="></latexit><latexit sha1_base64="eTthvEKZJYy2uGv0qKS1xX916GU="></latexit>

One sign per 
crossing:

Resonant Signal: Edef(t) = Edef cos(!t+ �)
<latexit sha1_base64="c/KeJU4XU21Y6wK6gGIQTqkjIeI=">AAACFnicbVBNSwMxEM3W7/pV9eglWISKWHZF0IsgiuBRwVahW0o2nW1Dk82SzApl6a/w4l/x4kERr+LNf2Nae6gfDwZe3pshMy9KpbDo+59eYWp6ZnZufqG4uLS8slpaW69bnRkONa6lNrcRsyBFAjUUKOE2NcBUJOEm6p0N/Zs7MFbo5Br7KTQV6yQiFpyhk1qlvfNWHhpF2xAPKrhzPPEMubaVUCvoMIq7YdoVO61S2a/6I9C/JBiTMhnjslX6CNuaZwoS5JJZ2wj8FJs5Myi4hEExzCykjPdYBxqOJkyBbeajswZ02yltGmvjKkE6Uicncqas7avIdSqGXfvbG4r/eY0M46NmLpI0Q0j490dxJilqOsyItoUBjrLvCONGuF0p7zLDOLokiy6E4PfJf0l9vxr41eDqoHxyOo5jnmySLVIhATkkJ+SCXJIa4eSePJJn8uI9eE/eq/f23VrwxjMb5Ae89y+v355u</latexit><latexit sha1_base64="c/KeJU4XU21Y6wK6gGIQTqkjIeI=">AAACFnicbVBNSwMxEM3W7/pV9eglWISKWHZF0IsgiuBRwVahW0o2nW1Dk82SzApl6a/w4l/x4kERr+LNf2Nae6gfDwZe3pshMy9KpbDo+59eYWp6ZnZufqG4uLS8slpaW69bnRkONa6lNrcRsyBFAjUUKOE2NcBUJOEm6p0N/Zs7MFbo5Br7KTQV6yQiFpyhk1qlvfNWHhpF2xAPKrhzPPEMubaVUCvoMIq7YdoVO61S2a/6I9C/JBiTMhnjslX6CNuaZwoS5JJZ2wj8FJs5Myi4hEExzCykjPdYBxqOJkyBbeajswZ02yltGmvjKkE6Uicncqas7avIdSqGXfvbG4r/eY0M46NmLpI0Q0j490dxJilqOsyItoUBjrLvCONGuF0p7zLDOLokiy6E4PfJf0l9vxr41eDqoHxyOo5jnmySLVIhATkkJ+SCXJIa4eSePJJn8uI9eE/eq/f23VrwxjMb5Ae89y+v355u</latexit><latexit sha1_base64="c/KeJU4XU21Y6wK6gGIQTqkjIeI=">AAACFnicbVBNSwMxEM3W7/pV9eglWISKWHZF0IsgiuBRwVahW0o2nW1Dk82SzApl6a/w4l/x4kERr+LNf2Nae6gfDwZe3pshMy9KpbDo+59eYWp6ZnZufqG4uLS8slpaW69bnRkONa6lNrcRsyBFAjUUKOE2NcBUJOEm6p0N/Zs7MFbo5Br7KTQV6yQiFpyhk1qlvfNWHhpF2xAPKrhzPPEMubaVUCvoMIq7YdoVO61S2a/6I9C/JBiTMhnjslX6CNuaZwoS5JJZ2wj8FJs5Myi4hEExzCykjPdYBxqOJkyBbeajswZ02yltGmvjKkE6Uicncqas7avIdSqGXfvbG4r/eY0M46NmLpI0Q0j490dxJilqOsyItoUBjrLvCONGuF0p7zLDOLokiy6E4PfJf0l9vxr41eDqoHxyOo5jnmySLVIhATkkJ+SCXJIa4eSePJJn8uI9eE/eq/f23VrwxjMb5Ae89y+v355u</latexit><latexit sha1_base64="c/KeJU4XU21Y6wK6gGIQTqkjIeI=">AAACFnicbVBNSwMxEM3W7/pV9eglWISKWHZF0IsgiuBRwVahW0o2nW1Dk82SzApl6a/w4l/x4kERr+LNf2Nae6gfDwZe3pshMy9KpbDo+59eYWp6ZnZufqG4uLS8slpaW69bnRkONa6lNrcRsyBFAjUUKOE2NcBUJOEm6p0N/Zs7MFbo5Br7KTQV6yQiFpyhk1qlvfNWHhpF2xAPKrhzPPEMubaVUCvoMIq7YdoVO61S2a/6I9C/JBiTMhnjslX6CNuaZwoS5JJZ2wj8FJs5Myi4hEExzCykjPdYBxqOJkyBbeajswZ02yltGmvjKkE6Uicncqas7avIdSqGXfvbG4r/eY0M46NmLpI0Q0j490dxJilqOsyItoUBjrLvCONGuF0p7zLDOLokiy6E4PfJf0l9vxr41eDqoHxyOo5jnmySLVIhATkkJ+SCXJIa4eSePJJn8uI9eE/eq/f23VrwxjMb5Ae89y+v355u</latexit>

No RF  

cavities
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DM Deflector One LHC RF Cavity (8 per beam)

hEdefi = 10 kV/cm
<latexit sha1_base64="z4cMYcDbIJ+5BiBH85O0dzWIzEw=">AAACHXicbZDLSsNAFIYn3q23qEs3g0VwVRMRFEQQRXCpYFuhCWUyPWmHzkzCzEQoIS/ixldx40IRF27Et3GaZuHtwMDH/5/DmfNHKWfaeN6nMzU9Mzs3v7BYW1peWV1z1zdaOskUhSZNeKJuI6KBMwlNwwyH21QBERGHdjQ8H/vtO1CaJfLGjFIIBelLFjNKjJW67kHAiexzwBfdPFAC9yAucKAm2gn2veAYl8awVeyVQEXRdetewysL/wW/gjqq6qrrvge9hGYCpKGcaN3xvdSEOVGGUQ5FLcg0pIQOSR86FiURoMO8vK7AO1bp4ThR9kmDS/X7RE6E1iMR2U5BzED/9sbif14nM/FRmDOZZgYknSyKM45NgsdR4R5TQA0fWSBUMftXTAdEEWpsoDUbgv/75L/Q2m/4XsO/PqifnlVxLKAttI12kY8O0Sm6RFeoiSi6R4/oGb04D86T8+q8TVqnnGpmE/0o5+MLMU+guA==</latexit><latexit sha1_base64="z4cMYcDbIJ+5BiBH85O0dzWIzEw=">AAACHXicbZDLSsNAFIYn3q23qEs3g0VwVRMRFEQQRXCpYFuhCWUyPWmHzkzCzEQoIS/ixldx40IRF27Et3GaZuHtwMDH/5/DmfNHKWfaeN6nMzU9Mzs3v7BYW1peWV1z1zdaOskUhSZNeKJuI6KBMwlNwwyH21QBERGHdjQ8H/vtO1CaJfLGjFIIBelLFjNKjJW67kHAiexzwBfdPFAC9yAucKAm2gn2veAYl8awVeyVQEXRdetewysL/wW/gjqq6qrrvge9hGYCpKGcaN3xvdSEOVGGUQ5FLcg0pIQOSR86FiURoMO8vK7AO1bp4ThR9kmDS/X7RE6E1iMR2U5BzED/9sbif14nM/FRmDOZZgYknSyKM45NgsdR4R5TQA0fWSBUMftXTAdEEWpsoDUbgv/75L/Q2m/4XsO/PqifnlVxLKAttI12kY8O0Sm6RFeoiSi6R4/oGb04D86T8+q8TVqnnGpmE/0o5+MLMU+guA==</latexit><latexit sha1_base64="z4cMYcDbIJ+5BiBH85O0dzWIzEw=">AAACHXicbZDLSsNAFIYn3q23qEs3g0VwVRMRFEQQRXCpYFuhCWUyPWmHzkzCzEQoIS/ixldx40IRF27Et3GaZuHtwMDH/5/DmfNHKWfaeN6nMzU9Mzs3v7BYW1peWV1z1zdaOskUhSZNeKJuI6KBMwlNwwyH21QBERGHdjQ8H/vtO1CaJfLGjFIIBelLFjNKjJW67kHAiexzwBfdPFAC9yAucKAm2gn2veAYl8awVeyVQEXRdetewysL/wW/gjqq6qrrvge9hGYCpKGcaN3xvdSEOVGGUQ5FLcg0pIQOSR86FiURoMO8vK7AO1bp4ThR9kmDS/X7RE6E1iMR2U5BzED/9sbif14nM/FRmDOZZgYknSyKM45NgsdR4R5TQA0fWSBUMftXTAdEEWpsoDUbgv/75L/Q2m/4XsO/PqifnlVxLKAttI12kY8O0Sm6RFeoiSi6R4/oGb04D86T8+q8TVqnnGpmE/0o5+MLMU+guA==</latexit><latexit sha1_base64="z4cMYcDbIJ+5BiBH85O0dzWIzEw=">AAACHXicbZDLSsNAFIYn3q23qEs3g0VwVRMRFEQQRXCpYFuhCWUyPWmHzkzCzEQoIS/ixldx40IRF27Et3GaZuHtwMDH/5/DmfNHKWfaeN6nMzU9Mzs3v7BYW1peWV1z1zdaOskUhSZNeKJuI6KBMwlNwwyH21QBERGHdjQ8H/vtO1CaJfLGjFIIBelLFjNKjJW67kHAiexzwBfdPFAC9yAucKAm2gn2veAYl8awVeyVQEXRdetewysL/wW/gjqq6qrrvge9hGYCpKGcaN3xvdSEOVGGUQ5FLcg0pIQOSR86FiURoMO8vK7AO1bp4ThR9kmDS/X7RE6E1iMR2U5BzED/9sbif14nM/FRmDOZZgYknSyKM45NgsdR4R5TQA0fWSBUMftXTAdEEWpsoDUbgv/75L/Q2m/4XsO/PqifnlVxLKAttI12kY8O0Sm6RFeoiSi6R4/oGb04D86T8+q8TVqnnGpmE/0o5+MLMU+guA==</latexit>

! = 100 kHz
<latexit sha1_base64="h6WQyfBN88iHrL9SbPaiR7d0InM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJWMCAoiFN10WcE+oDOUTJppQ5PJkGSEOtSNv+LGhSJu/Qt3/o1pOwttPXDhcM693HtPmHCmDULfTmFpeWV1rbhe2tjc2t5xd/eaWqaK0AaRXKp2iDXlLKYNwwyn7URRLEJOW+HwZuK37qnSTMZ3ZpTQQOB+zCJGsLFS1z3wpaB9DK+gh5B/CTNfCTisPYy7bhlV0BRwkXg5KYMc9a775fckSQWNDeFY646HEhNkWBlGOB2X/FTTBJMh7tOOpTEWVAfZ9IMxPLZKD0ZS2YoNnKq/JzIstB6J0HYKbAZ63puI/3md1EQXQcbiJDU0JrNFUcqhkXASB+wxRYnhI0swUczeCskAK0yMDa1kQ/DmX14kzdOKhyre7Vm5ep3HUQSH4AicAA+cgyqogTpoAAIewTN4BW/Ok/PivDsfs9aCk8/sgz9wPn8A78KVRQ==</latexit><latexit sha1_base64="h6WQyfBN88iHrL9SbPaiR7d0InM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJWMCAoiFN10WcE+oDOUTJppQ5PJkGSEOtSNv+LGhSJu/Qt3/o1pOwttPXDhcM693HtPmHCmDULfTmFpeWV1rbhe2tjc2t5xd/eaWqaK0AaRXKp2iDXlLKYNwwyn7URRLEJOW+HwZuK37qnSTMZ3ZpTQQOB+zCJGsLFS1z3wpaB9DK+gh5B/CTNfCTisPYy7bhlV0BRwkXg5KYMc9a775fckSQWNDeFY646HEhNkWBlGOB2X/FTTBJMh7tOOpTEWVAfZ9IMxPLZKD0ZS2YoNnKq/JzIstB6J0HYKbAZ63puI/3md1EQXQcbiJDU0JrNFUcqhkXASB+wxRYnhI0swUczeCskAK0yMDa1kQ/DmX14kzdOKhyre7Vm5ep3HUQSH4AicAA+cgyqogTpoAAIewTN4BW/Ok/PivDsfs9aCk8/sgz9wPn8A78KVRQ==</latexit><latexit sha1_base64="h6WQyfBN88iHrL9SbPaiR7d0InM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJWMCAoiFN10WcE+oDOUTJppQ5PJkGSEOtSNv+LGhSJu/Qt3/o1pOwttPXDhcM693HtPmHCmDULfTmFpeWV1rbhe2tjc2t5xd/eaWqaK0AaRXKp2iDXlLKYNwwyn7URRLEJOW+HwZuK37qnSTMZ3ZpTQQOB+zCJGsLFS1z3wpaB9DK+gh5B/CTNfCTisPYy7bhlV0BRwkXg5KYMc9a775fckSQWNDeFY646HEhNkWBlGOB2X/FTTBJMh7tOOpTEWVAfZ9IMxPLZKD0ZS2YoNnKq/JzIstB6J0HYKbAZ63puI/3md1EQXQcbiJDU0JrNFUcqhkXASB+wxRYnhI0swUczeCskAK0yMDa1kQ/DmX14kzdOKhyre7Vm5ep3HUQSH4AicAA+cgyqogTpoAAIewTN4BW/Ok/PivDsfs9aCk8/sgz9wPn8A78KVRQ==</latexit><latexit sha1_base64="h6WQyfBN88iHrL9SbPaiR7d0InM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJWMCAoiFN10WcE+oDOUTJppQ5PJkGSEOtSNv+LGhSJu/Qt3/o1pOwttPXDhcM693HtPmHCmDULfTmFpeWV1rbhe2tjc2t5xd/eaWqaK0AaRXKp2iDXlLKYNwwyn7URRLEJOW+HwZuK37qnSTMZ3ZpTQQOB+zCJGsLFS1z3wpaB9DK+gh5B/CTNfCTisPYy7bhlV0BRwkXg5KYMc9a775fckSQWNDeFY646HEhNkWBlGOB2X/FTTBJMh7tOOpTEWVAfZ9IMxPLZKD0ZS2YoNnKq/JzIstB6J0HYKbAZ63puI/3md1EQXQcbiJDU0JrNFUcqhkXASB+wxRYnhI0swUczeCskAK0yMDa1kQ/DmX14kzdOKhyre7Vm5ep3HUQSH4AicAA+cgyqogTpoAAIewTN4BW/Ok/PivDsfs9aCk8/sgz9wPn8A78KVRQ==</latexit>

R = meter
<latexit sha1_base64="v8KVp8daeU7GIN2w2lXeoG5cim0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsR/QhrLZTtqlu0nc3RRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHDR2nimGdxSJWrYBqFDzCuuFGYCtRSGUgsBkMb6d+c4RK8zh6NOMEfUn7EQ85o8ZK/sN11lGSSDSoJt1S2a24M5Bl4uWkDDlq3dJXpxezVGJkmKBatz03MX5GleFM4KTYSTUmlA1pH9uWRlSi9rPZ0RNyapUeCWNlKzJkpv6eyKjUeiwD2ympGehFbyr+57VTE175GY+S1GDE5ovCVBATk2kCpMcVMiPGllCmuL2VsAFVlNkMdNGG4C2+vEwa5xXPrXj3F+XqTR5HAY7hBM7Ag0uowh3UoA4MnuAZXuHNGTkvzrvzMW9dcfKZI/gD5/MHmqmR+w==</latexit><latexit sha1_base64="v8KVp8daeU7GIN2w2lXeoG5cim0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsR/QhrLZTtqlu0nc3RRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHDR2nimGdxSJWrYBqFDzCuuFGYCtRSGUgsBkMb6d+c4RK8zh6NOMEfUn7EQ85o8ZK/sN11lGSSDSoJt1S2a24M5Bl4uWkDDlq3dJXpxezVGJkmKBatz03MX5GleFM4KTYSTUmlA1pH9uWRlSi9rPZ0RNyapUeCWNlKzJkpv6eyKjUeiwD2ympGehFbyr+57VTE175GY+S1GDE5ovCVBATk2kCpMcVMiPGllCmuL2VsAFVlNkMdNGG4C2+vEwa5xXPrXj3F+XqTR5HAY7hBM7Ag0uowh3UoA4MnuAZXuHNGTkvzrvzMW9dcfKZI/gD5/MHmqmR+w==</latexit><latexit sha1_base64="v8KVp8daeU7GIN2w2lXeoG5cim0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsR/QhrLZTtqlu0nc3RRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHDR2nimGdxSJWrYBqFDzCuuFGYCtRSGUgsBkMb6d+c4RK8zh6NOMEfUn7EQ85o8ZK/sN11lGSSDSoJt1S2a24M5Bl4uWkDDlq3dJXpxezVGJkmKBatz03MX5GleFM4KTYSTUmlA1pH9uWRlSi9rPZ0RNyapUeCWNlKzJkpv6eyKjUeiwD2ympGehFbyr+57VTE175GY+S1GDE5ovCVBATk2kCpMcVMiPGllCmuL2VsAFVlNkMdNGG4C2+vEwa5xXPrXj3F+XqTR5HAY7hBM7Ag0uowh3UoA4MnuAZXuHNGTkvzrvzMW9dcfKZI/gD5/MHmqmR+w==</latexit><latexit sha1_base64="v8KVp8daeU7GIN2w2lXeoG5cim0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsR/QhrLZTtqlu0nc3RRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHDR2nimGdxSJWrYBqFDzCuuFGYCtRSGUgsBkMb6d+c4RK8zh6NOMEfUn7EQ85o8ZK/sN11lGSSDSoJt1S2a24M5Bl4uWkDDlq3dJXpxezVGJkmKBatz03MX5GleFM4KTYSTUmlA1pH9uWRlSi9rPZ0RNyapUeCWNlKzJkpv6eyKjUeiwD2ympGehFbyr+57VTE175GY+S1GDE5ovCVBATk2kCpMcVMiPGllCmuL2VsAFVlNkMdNGG4C2+vEwa5xXPrXj3F+XqTR5HAY7hBM7Ag0uowh3UoA4MnuAZXuHNGTkvzrvzMW9dcfKZI/gD5/MHmqmR+w==</latexit>

! = 400 MHz
<latexit sha1_base64="00XBCnaN8iM/qcPYRr3gCGoeJJ8=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXJWMFBREKLrpRqhgH9ApJZNm2tAkMyQZoQ6z8VfcuFDErZ/hzr8xbWehrQcuHM65l3vvCWLOtEHo21laXlldWy9sFDe3tnd23b39po4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbitx6o0iyS92Yc067AA8lCRrCxUs899CNBBxhewQpC/mXqKwFva49Zzy2hMpoCLhIvJyWQo95zv/x+RBJBpSEca93xUGy6KVaGEU6zop9oGmMywgPasVRiQXU3nT6QwROr9GEYKVvSwKn6eyLFQuuxCGynwGao572J+J/XSUx40U2ZjBNDJZktChMOTQQnacA+U5QYPrYEE8XsrZAMscLE2MyKNgRv/uVF0jwre6js3VVK1es8jgI4AsfgFHjgHFRBDdRBAxCQgWfwCt6cJ+fFeXc+Zq1LTj5zAP7A+fwBa8qVAA==</latexit><latexit sha1_base64="00XBCnaN8iM/qcPYRr3gCGoeJJ8=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXJWMFBREKLrpRqhgH9ApJZNm2tAkMyQZoQ6z8VfcuFDErZ/hzr8xbWehrQcuHM65l3vvCWLOtEHo21laXlldWy9sFDe3tnd23b39po4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbitx6o0iyS92Yc067AA8lCRrCxUs899CNBBxhewQpC/mXqKwFva49Zzy2hMpoCLhIvJyWQo95zv/x+RBJBpSEca93xUGy6KVaGEU6zop9oGmMywgPasVRiQXU3nT6QwROr9GEYKVvSwKn6eyLFQuuxCGynwGao572J+J/XSUx40U2ZjBNDJZktChMOTQQnacA+U5QYPrYEE8XsrZAMscLE2MyKNgRv/uVF0jwre6js3VVK1es8jgI4AsfgFHjgHFRBDdRBAxCQgWfwCt6cJ+fFeXc+Zq1LTj5zAP7A+fwBa8qVAA==</latexit><latexit sha1_base64="00XBCnaN8iM/qcPYRr3gCGoeJJ8=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXJWMFBREKLrpRqhgH9ApJZNm2tAkMyQZoQ6z8VfcuFDErZ/hzr8xbWehrQcuHM65l3vvCWLOtEHo21laXlldWy9sFDe3tnd23b39po4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbitx6o0iyS92Yc067AA8lCRrCxUs899CNBBxhewQpC/mXqKwFva49Zzy2hMpoCLhIvJyWQo95zv/x+RBJBpSEca93xUGy6KVaGEU6zop9oGmMywgPasVRiQXU3nT6QwROr9GEYKVvSwKn6eyLFQuuxCGynwGao572J+J/XSUx40U2ZjBNDJZktChMOTQQnacA+U5QYPrYEE8XsrZAMscLE2MyKNgRv/uVF0jwre6js3VVK1es8jgI4AsfgFHjgHFRBDdRBAxCQgWfwCt6cJ+fFeXc+Zq1LTj5zAP7A+fwBa8qVAA==</latexit><latexit sha1_base64="00XBCnaN8iM/qcPYRr3gCGoeJJ8=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXJWMFBREKLrpRqhgH9ApJZNm2tAkMyQZoQ6z8VfcuFDErZ/hzr8xbWehrQcuHM65l3vvCWLOtEHo21laXlldWy9sFDe3tnd23b39po4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbitx6o0iyS92Yc067AA8lCRrCxUs899CNBBxhewQpC/mXqKwFva49Zzy2hMpoCLhIvJyWQo95zv/x+RBJBpSEca93xUGy6KVaGEU6zop9oGmMywgPasVRiQXU3nT6QwROr9GEYKVvSwKn6eyLFQuuxCGynwGao572J+J/XSUx40U2ZjBNDJZktChMOTQQnacA+U5QYPrYEE8XsrZAMscLE2MyKNgRv/uVF0jwre6js3VVK1es8jgI4AsfgFHjgHFRBDdRBAxCQgWfwCt6cJ+fFeXc+Zq1LTj5zAP7A+fwBa8qVAA==</latexit>

hEi = 50 kV/cm
<latexit sha1_base64="3sikNW2sck+IOgpzYI1eIKczhKU=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCbmoiioIIRRFcVrAXaEKZTCft0JlJmJkIJeQZ3Pgqblwo4taVO9/GaZqFtv4w8PGfczhz/iBmVGnH+bbm5hcWl5ZLK+XVtfWNTXtru6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLwe11sPRCoaiXs9ionPUV/QkGKkjdW1Dz2GRJ8ReAM9OaFLeOp4F6knORw2s6McMM+6dsWpOrngLLgFVEChetf+8noRTjgRGjOkVMd1Yu2nSGqKGcnKXqJIjPAQ9UnHoECcKD/NT8rgvnF6MIykeULD3P09kSKu1IgHppMjPVDTtbH5X62T6PDcT6mIE00EniwKEwZ1BMf5wB6VBGs2MoCwpOavEA+QRFibFMsmBHf65FloHlddp+renVRqV0UcJbAL9sABcMEZqIFbUAcNgMEjeAav4M16sl6sd+tj0jpnFTM74I+szx/PgpxN</latexit><latexit sha1_base64="3sikNW2sck+IOgpzYI1eIKczhKU=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCbmoiioIIRRFcVrAXaEKZTCft0JlJmJkIJeQZ3Pgqblwo4taVO9/GaZqFtv4w8PGfczhz/iBmVGnH+bbm5hcWl5ZLK+XVtfWNTXtru6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLwe11sPRCoaiXs9ionPUV/QkGKkjdW1Dz2GRJ8ReAM9OaFLeOp4F6knORw2s6McMM+6dsWpOrngLLgFVEChetf+8noRTjgRGjOkVMd1Yu2nSGqKGcnKXqJIjPAQ9UnHoECcKD/NT8rgvnF6MIykeULD3P09kSKu1IgHppMjPVDTtbH5X62T6PDcT6mIE00EniwKEwZ1BMf5wB6VBGs2MoCwpOavEA+QRFibFMsmBHf65FloHlddp+renVRqV0UcJbAL9sABcMEZqIFbUAcNgMEjeAav4M16sl6sd+tj0jpnFTM74I+szx/PgpxN</latexit><latexit sha1_base64="3sikNW2sck+IOgpzYI1eIKczhKU=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCbmoiioIIRRFcVrAXaEKZTCft0JlJmJkIJeQZ3Pgqblwo4taVO9/GaZqFtv4w8PGfczhz/iBmVGnH+bbm5hcWl5ZLK+XVtfWNTXtru6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLwe11sPRCoaiXs9ionPUV/QkGKkjdW1Dz2GRJ8ReAM9OaFLeOp4F6knORw2s6McMM+6dsWpOrngLLgFVEChetf+8noRTjgRGjOkVMd1Yu2nSGqKGcnKXqJIjPAQ9UnHoECcKD/NT8rgvnF6MIykeULD3P09kSKu1IgHppMjPVDTtbH5X62T6PDcT6mIE00EniwKEwZ1BMf5wB6VBGs2MoCwpOavEA+QRFibFMsmBHf65FloHlddp+renVRqV0UcJbAL9sABcMEZqIFbUAcNgMEjeAav4M16sl6sd+tj0jpnFTM74I+szx/PgpxN</latexit><latexit sha1_base64="3sikNW2sck+IOgpzYI1eIKczhKU=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCbmoiioIIRRFcVrAXaEKZTCft0JlJmJkIJeQZ3Pgqblwo4taVO9/GaZqFtv4w8PGfczhz/iBmVGnH+bbm5hcWl5ZLK+XVtfWNTXtru6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLwe11sPRCoaiXs9ionPUV/QkGKkjdW1Dz2GRJ8ReAM9OaFLeOp4F6knORw2s6McMM+6dsWpOrngLLgFVEChetf+8noRTjgRGjOkVMd1Yu2nSGqKGcnKXqJIjPAQ9UnHoECcKD/NT8rgvnF6MIykeULD3P09kSKu1IgHppMjPVDTtbH5X62T6PDcT6mIE00EniwKEwZ1BMf5wB6VBGs2MoCwpOavEA+QRFibFMsmBHf65FloHlddp+renVRqV0UcJbAL9sABcMEZqIFbUAcNgMEjeAav4M16sl6sd+tj0jpnFTM74I+szx/PgpxN</latexit>

L = 0.5 meter
<latexit sha1_base64="xqKXVXbNadHMb7ktiqlNg3qtqPo=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5CIoiBC0Y0LFxXsA5pQJtPbduhMEmYmQg3FX3HjQhG3/oc7/8Zpm4W2HrhwOOde7r0nTDhT2nW/rcLC4tLySnG1tLa+sbllb+/UVZxKCjUa81g2Q6KAswhqmmkOzUQCESGHRji4HvuNB5CKxdG9HiYQCNKLWJdRoo3UtvduL7HrnPoXOPOlwAI0yFHbLruOOwGeJ15OyihHtW1/+Z2YpgIiTTlRquW5iQ4yIjWjHEYlP1WQEDogPWgZGhEBKsgm14/woVE6uBtLU5HGE/X3REaEUkMRmk5BdF/NemPxP6+V6u55kLEoSTVEdLqom3KsYzyOAneYBKr50BBCJTO3YtonklCTgSqZELzZl+dJ/djxXMe7OylXrvI4imgfHaAj5KEzVEE3qIpqiKJH9Ixe0Zv1ZL1Y79bHtLVg5TO76A+szx9I0pPW</latexit><latexit sha1_base64="xqKXVXbNadHMb7ktiqlNg3qtqPo=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5CIoiBC0Y0LFxXsA5pQJtPbduhMEmYmQg3FX3HjQhG3/oc7/8Zpm4W2HrhwOOde7r0nTDhT2nW/rcLC4tLySnG1tLa+sbllb+/UVZxKCjUa81g2Q6KAswhqmmkOzUQCESGHRji4HvuNB5CKxdG9HiYQCNKLWJdRoo3UtvduL7HrnPoXOPOlwAI0yFHbLruOOwGeJ15OyihHtW1/+Z2YpgIiTTlRquW5iQ4yIjWjHEYlP1WQEDogPWgZGhEBKsgm14/woVE6uBtLU5HGE/X3REaEUkMRmk5BdF/NemPxP6+V6u55kLEoSTVEdLqom3KsYzyOAneYBKr50BBCJTO3YtonklCTgSqZELzZl+dJ/djxXMe7OylXrvI4imgfHaAj5KEzVEE3qIpqiKJH9Ixe0Zv1ZL1Y79bHtLVg5TO76A+szx9I0pPW</latexit><latexit sha1_base64="xqKXVXbNadHMb7ktiqlNg3qtqPo=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5CIoiBC0Y0LFxXsA5pQJtPbduhMEmYmQg3FX3HjQhG3/oc7/8Zpm4W2HrhwOOde7r0nTDhT2nW/rcLC4tLySnG1tLa+sbllb+/UVZxKCjUa81g2Q6KAswhqmmkOzUQCESGHRji4HvuNB5CKxdG9HiYQCNKLWJdRoo3UtvduL7HrnPoXOPOlwAI0yFHbLruOOwGeJ15OyihHtW1/+Z2YpgIiTTlRquW5iQ4yIjWjHEYlP1WQEDogPWgZGhEBKsgm14/woVE6uBtLU5HGE/X3REaEUkMRmk5BdF/NemPxP6+V6u55kLEoSTVEdLqom3KsYzyOAneYBKr50BBCJTO3YtonklCTgSqZELzZl+dJ/djxXMe7OylXrvI4imgfHaAj5KEzVEE3qIpqiKJH9Ixe0Zv1ZL1Y79bHtLVg5TO76A+szx9I0pPW</latexit><latexit sha1_base64="xqKXVXbNadHMb7ktiqlNg3qtqPo=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5CIoiBC0Y0LFxXsA5pQJtPbduhMEmYmQg3FX3HjQhG3/oc7/8Zpm4W2HrhwOOde7r0nTDhT2nW/rcLC4tLySnG1tLa+sbllb+/UVZxKCjUa81g2Q6KAswhqmmkOzUQCESGHRji4HvuNB5CKxdG9HiYQCNKLWJdRoo3UtvduL7HrnPoXOPOlwAI0yFHbLruOOwGeJ15OyihHtW1/+Z2YpgIiTTlRquW5iQ4yIjWjHEYlP1WQEDogPWgZGhEBKsgm14/woVE6uBtLU5HGE/X3REaEUkMRmk5BdF/NemPxP6+V6u55kLEoSTVEdLqom3KsYzyOAneYBKr50BBCJTO3YtonklCTgSqZELzZl+dJ/djxXMe7OylXrvI4imgfHaAj5KEzVEE3qIpqiKJH9Ixe0Zv1ZL1Y79bHtLVg5TO76A+szx9I0pPW</latexit>
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<latexit sha1_base64="pjzaztpYEGvNBrqvdGic8u1pDhc=">AAACI3icbVBNS8NAEN34bf2qevSyWIR6KUkRFE9FETwqWC00NWy2k3bpbhJ3J0IJ+S9e/CtePCjixYP/xe3Hwa8HA4/3ZpiZF6ZSGHTdD2dmdm5+YXFpubSyura+Ud7cujZJpjk0eSIT3QqZASliaKJACa1UA1OhhJtwcDryb+5BG5HEVzhMoaNYLxaR4AytFJSPz4Lc14oa0St8IxS99CVEWPUjzXh+NzEhiooiV4HP+6Lwtej1cf+2HpQrbs0dg/4l3pRUyBQXQfnN7yY8UxAjl8yYtuem2MmZRsElFCU/M5AyPmA9aFsaMwWmk49/LOieVbo0SrStGOlY/T6RM2XMUIW2UzHsm9/eSPzPa2cYHXVyEacZQswni6JMUkzoKDDaFRo4yqEljGthb6W8z2w6aGMt2RC83y//Jdf1mufWvMuDSuNkGscS2SG7pEo8ckga5JxckCbh5IE8kRfy6jw6z86b8z5pnXGmM9vkB5zPLzR0pTk=</latexit><latexit sha1_base64="pjzaztpYEGvNBrqvdGic8u1pDhc=">AAACI3icbVBNS8NAEN34bf2qevSyWIR6KUkRFE9FETwqWC00NWy2k3bpbhJ3J0IJ+S9e/CtePCjixYP/xe3Hwa8HA4/3ZpiZF6ZSGHTdD2dmdm5+YXFpubSyura+Ud7cujZJpjk0eSIT3QqZASliaKJACa1UA1OhhJtwcDryb+5BG5HEVzhMoaNYLxaR4AytFJSPz4Lc14oa0St8IxS99CVEWPUjzXh+NzEhiooiV4HP+6Lwtej1cf+2HpQrbs0dg/4l3pRUyBQXQfnN7yY8UxAjl8yYtuem2MmZRsElFCU/M5AyPmA9aFsaMwWmk49/LOieVbo0SrStGOlY/T6RM2XMUIW2UzHsm9/eSPzPa2cYHXVyEacZQswni6JMUkzoKDDaFRo4yqEljGthb6W8z2w6aGMt2RC83y//Jdf1mufWvMuDSuNkGscS2SG7pEo8ckga5JxckCbh5IE8kRfy6jw6z86b8z5pnXGmM9vkB5zPLzR0pTk=</latexit><latexit sha1_base64="pjzaztpYEGvNBrqvdGic8u1pDhc=">AAACI3icbVBNS8NAEN34bf2qevSyWIR6KUkRFE9FETwqWC00NWy2k3bpbhJ3J0IJ+S9e/CtePCjixYP/xe3Hwa8HA4/3ZpiZF6ZSGHTdD2dmdm5+YXFpubSyura+Ud7cujZJpjk0eSIT3QqZASliaKJACa1UA1OhhJtwcDryb+5BG5HEVzhMoaNYLxaR4AytFJSPz4Lc14oa0St8IxS99CVEWPUjzXh+NzEhiooiV4HP+6Lwtej1cf+2HpQrbs0dg/4l3pRUyBQXQfnN7yY8UxAjl8yYtuem2MmZRsElFCU/M5AyPmA9aFsaMwWmk49/LOieVbo0SrStGOlY/T6RM2XMUIW2UzHsm9/eSPzPa2cYHXVyEacZQswni6JMUkzoKDDaFRo4yqEljGthb6W8z2w6aGMt2RC83y//Jdf1mufWvMuDSuNkGscS2SG7pEo8ckga5JxckCbh5IE8kRfy6jw6z86b8z5pnXGmM9vkB5zPLzR0pTk=</latexit><latexit sha1_base64="pjzaztpYEGvNBrqvdGic8u1pDhc=">AAACI3icbVBNS8NAEN34bf2qevSyWIR6KUkRFE9FETwqWC00NWy2k3bpbhJ3J0IJ+S9e/CtePCjixYP/xe3Hwa8HA4/3ZpiZF6ZSGHTdD2dmdm5+YXFpubSyura+Ud7cujZJpjk0eSIT3QqZASliaKJACa1UA1OhhJtwcDryb+5BG5HEVzhMoaNYLxaR4AytFJSPz4Lc14oa0St8IxS99CVEWPUjzXh+NzEhiooiV4HP+6Lwtej1cf+2HpQrbs0dg/4l3pRUyBQXQfnN7yY8UxAjl8yYtuem2MmZRsElFCU/M5AyPmA9aFsaMwWmk49/LOieVbo0SrStGOlY/T6RM2XMUIW2UzHsm9/eSPzPa2cYHXVyEacZQswni6JMUkzoKDDaFRo4yqEljGthb6W8z2w6aGMt2RC83y//Jdf1mufWvMuDSuNkGscS2SG7pEo8ckga5JxckCbh5IE8kRfy6jw6z86b8z5pnXGmM9vkB5zPLzR0pTk=</latexit>
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<latexit sha1_base64="0//Yu2tpiFScXXDW/XQxnM8u2aU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KIrisYB/QDiWTZtrYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSy4sQh9eLmV1bX1jfxmYWt7Z3evuH/QNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkml5nfuWfacCVv7TRmfkRGkoecEuuk9tWgT8d8UCyhMkIIYwwzgqvnyJF6vVbBNYgzy6EElmgOiu/9oaJJxKSlghjTwyi2fkq05VSwWaGfGBYTOiEj1nNUkogZP51fO4MnThnCUGlX0sK5+n0iJZEx0yhwnRGxY/Pby8S/vF5iw5qfchknlkm6WBQmAloFs9fhkGtGrZg6Qqjm7lZIx0QTal1ABRfC16fwf9KulDEq45uzUuNiGUceHIFjcAowqIIGuAZN0AIU3IEH8ASePeU9ei/e66I15y1nDsEPeG+fkfqPIA==</latexit><latexit sha1_base64="0//Yu2tpiFScXXDW/XQxnM8u2aU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KIrisYB/QDiWTZtrYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSy4sQh9eLmV1bX1jfxmYWt7Z3evuH/QNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkml5nfuWfacCVv7TRmfkRGkoecEuuk9tWgT8d8UCyhMkIIYwwzgqvnyJF6vVbBNYgzy6EElmgOiu/9oaJJxKSlghjTwyi2fkq05VSwWaGfGBYTOiEj1nNUkogZP51fO4MnThnCUGlX0sK5+n0iJZEx0yhwnRGxY/Pby8S/vF5iw5qfchknlkm6WBQmAloFs9fhkGtGrZg6Qqjm7lZIx0QTal1ABRfC16fwf9KulDEq45uzUuNiGUceHIFjcAowqIIGuAZN0AIU3IEH8ASePeU9ei/e66I15y1nDsEPeG+fkfqPIA==</latexit><latexit sha1_base64="0//Yu2tpiFScXXDW/XQxnM8u2aU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KIrisYB/QDiWTZtrYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSy4sQh9eLmV1bX1jfxmYWt7Z3evuH/QNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkml5nfuWfacCVv7TRmfkRGkoecEuuk9tWgT8d8UCyhMkIIYwwzgqvnyJF6vVbBNYgzy6EElmgOiu/9oaJJxKSlghjTwyi2fkq05VSwWaGfGBYTOiEj1nNUkogZP51fO4MnThnCUGlX0sK5+n0iJZEx0yhwnRGxY/Pby8S/vF5iw5qfchknlkm6WBQmAloFs9fhkGtGrZg6Qqjm7lZIx0QTal1ABRfC16fwf9KulDEq45uzUuNiGUceHIFjcAowqIIGuAZN0AIU3IEH8ASePeU9ei/e66I15y1nDsEPeG+fkfqPIA==</latexit><latexit sha1_base64="0//Yu2tpiFScXXDW/XQxnM8u2aU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkkR2+6KIrisYB/QDiWTZtrYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSy4sQh9eLmV1bX1jfxmYWt7Z3evuH/QNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkml5nfuWfacCVv7TRmfkRGkoecEuuk9tWgT8d8UCyhMkIIYwwzgqvnyJF6vVbBNYgzy6EElmgOiu/9oaJJxKSlghjTwyi2fkq05VSwWaGfGBYTOiEj1nNUkogZP51fO4MnThnCUGlX0sK5+n0iJZEx0yhwnRGxY/Pby8S/vF5iw5qfchknlkm6WBQmAloFs9fhkGtGrZg6Qqjm7lZIx0QTal1ABRfC16fwf9KulDEq45uzUuNiGUceHIFjcAowqIIGuAZN0AIU3IEH8ASePeU9ei/e66I15y1nDsEPeG+fkfqPIA==</latexit>



NOISE

• SQUID (imprecision, backaction): Negligible compared to thermal 

• Poisson fluctuations of DM number density: Negligible 

• Oscillator Phase Drift: Phase lock with commercially available 
atomic clocks 

• Deflector Field: needs to be shielded, but it can be done [DM 
radio: penetration depth 50 nm, for                           ] 

• Thermal Noise: Irreducible, ultimate limitation

E = 10⇥ hEdefi
<latexit sha1_base64="WwS4k65T/OiQg6sjeWLxmMQg9OE=">AAACD3icbVBNS8NAEN34WetX1aOXxaJ4KokIehGKUvBYwX5AE8JmM2mXbjZhdyOU0H/gxb/ixYMiXr1689+4bXPQ1gcDj/dmmJkXpJwpbdvf1tLyyuraemmjvLm1vbNb2dtvqySTFFo04YnsBkQBZwJammkO3VQCiQMOnWB4M/E7DyAVS8S9HqXgxaQvWMQo0UbyKyeNK+zYrmYxKOxyIvoccMPPXRnjEKKxK6eSX6naNXsKvEicglRRgaZf+XLDhGYxCE05Uarn2Kn2ciI1oxzGZTdTkBI6JH3oGSqI2e/l03/G+NgoIY4SaUpoPFV/T+QkVmoUB6YzJnqg5r2J+J/Xy3R06eVMpJkGQWeLooxjneBJODhkEqjmI0MIlczciumASEK1ibBsQnDmX14k7bOaY9ecu/Nq/bqIo4QO0RE6RQ66QHV0i5qohSh6RM/oFb1ZT9aL9W59zFqXrGLmAP2B9fkDduqbsg==</latexit><latexit sha1_base64="WwS4k65T/OiQg6sjeWLxmMQg9OE=">AAACD3icbVBNS8NAEN34WetX1aOXxaJ4KokIehGKUvBYwX5AE8JmM2mXbjZhdyOU0H/gxb/ixYMiXr1689+4bXPQ1gcDj/dmmJkXpJwpbdvf1tLyyuraemmjvLm1vbNb2dtvqySTFFo04YnsBkQBZwJammkO3VQCiQMOnWB4M/E7DyAVS8S9HqXgxaQvWMQo0UbyKyeNK+zYrmYxKOxyIvoccMPPXRnjEKKxK6eSX6naNXsKvEicglRRgaZf+XLDhGYxCE05Uarn2Kn2ciI1oxzGZTdTkBI6JH3oGSqI2e/l03/G+NgoIY4SaUpoPFV/T+QkVmoUB6YzJnqg5r2J+J/Xy3R06eVMpJkGQWeLooxjneBJODhkEqjmI0MIlczciumASEK1ibBsQnDmX14k7bOaY9ecu/Nq/bqIo4QO0RE6RQ66QHV0i5qohSh6RM/oFb1ZT9aL9W59zFqXrGLmAP2B9fkDduqbsg==</latexit><latexit sha1_base64="WwS4k65T/OiQg6sjeWLxmMQg9OE=">AAACD3icbVBNS8NAEN34WetX1aOXxaJ4KokIehGKUvBYwX5AE8JmM2mXbjZhdyOU0H/gxb/ixYMiXr1689+4bXPQ1gcDj/dmmJkXpJwpbdvf1tLyyuraemmjvLm1vbNb2dtvqySTFFo04YnsBkQBZwJammkO3VQCiQMOnWB4M/E7DyAVS8S9HqXgxaQvWMQo0UbyKyeNK+zYrmYxKOxyIvoccMPPXRnjEKKxK6eSX6naNXsKvEicglRRgaZf+XLDhGYxCE05Uarn2Kn2ciI1oxzGZTdTkBI6JH3oGSqI2e/l03/G+NgoIY4SaUpoPFV/T+QkVmoUB6YzJnqg5r2J+J/Xy3R06eVMpJkGQWeLooxjneBJODhkEqjmI0MIlczciumASEK1ibBsQnDmX14k7bOaY9ecu/Nq/bqIo4QO0RE6RQ66QHV0i5qohSh6RM/oFb1ZT9aL9W59zFqXrGLmAP2B9fkDduqbsg==</latexit><latexit sha1_base64="WwS4k65T/OiQg6sjeWLxmMQg9OE=">AAACD3icbVBNS8NAEN34WetX1aOXxaJ4KokIehGKUvBYwX5AE8JmM2mXbjZhdyOU0H/gxb/ixYMiXr1689+4bXPQ1gcDj/dmmJkXpJwpbdvf1tLyyuraemmjvLm1vbNb2dtvqySTFFo04YnsBkQBZwJammkO3VQCiQMOnWB4M/E7DyAVS8S9HqXgxaQvWMQo0UbyKyeNK+zYrmYxKOxyIvoccMPPXRnjEKKxK6eSX6naNXsKvEicglRRgaZf+XLDhGYxCE05Uarn2Kn2ciI1oxzGZTdTkBI6JH3oGSqI2e/l03/G+NgoIY4SaUpoPFV/T+QkVmoUB6YzJnqg5r2J+J/Xy3R06eVMpJkGQWeLooxjneBJODhkEqjmI0MIlczciumASEK1ibBsQnDmX14k7bOaY9ecu/Nq/bqIo4QO0RE6RQ66QHV0i5qohSh6RM/oFb1ZT9aL9W59zFqXrGLmAP2B9fkDduqbsg==</latexit>

Pn = kT/tint
<latexit sha1_base64="QyBFyI4PpYyi+IqPsRAmwcR2EpA=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5qIoBeh6MVjhX5BG8Jmu2mXbjZhdyKEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6u0tr6xuVXeruzs7u0f2IdHHR2nirI2jUWsegHRTHDJ2sBBsF6iGIkCwbrB5G7mdx+Z0jyWLcgS5kVkJHnIKQEj+Xa16cubCW6dg58PVIS5hKlv15y6MwdeJW5BaqhA07e/BsOYphGTQAXRuu86CXg5UcCpYNPKINUsIXRCRqxvqCQR014+P36KT40yxGGsTEnAc/X3RE4irbMoMJ0RgbFe9mbif14/hfDay7lMUmCSLhaFqcAQ41kSeMgVoyAyQwhV3NyK6ZgoQsHkVTEhuMsvr5LORd116u7DZa1xW8RRRsfoBJ0hF12hBrpHTdRGFGXoGb2iN+vJerHerY9Fa8kqZqroD6zPH91PlEI=</latexit><latexit sha1_base64="QyBFyI4PpYyi+IqPsRAmwcR2EpA=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5qIoBeh6MVjhX5BG8Jmu2mXbjZhdyKEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6u0tr6xuVXeruzs7u0f2IdHHR2nirI2jUWsegHRTHDJ2sBBsF6iGIkCwbrB5G7mdx+Z0jyWLcgS5kVkJHnIKQEj+Xa16cubCW6dg58PVIS5hKlv15y6MwdeJW5BaqhA07e/BsOYphGTQAXRuu86CXg5UcCpYNPKINUsIXRCRqxvqCQR014+P36KT40yxGGsTEnAc/X3RE4irbMoMJ0RgbFe9mbif14/hfDay7lMUmCSLhaFqcAQ41kSeMgVoyAyQwhV3NyK6ZgoQsHkVTEhuMsvr5LORd116u7DZa1xW8RRRsfoBJ0hF12hBrpHTdRGFGXoGb2iN+vJerHerY9Fa8kqZqroD6zPH91PlEI=</latexit><latexit sha1_base64="QyBFyI4PpYyi+IqPsRAmwcR2EpA=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5qIoBeh6MVjhX5BG8Jmu2mXbjZhdyKEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6u0tr6xuVXeruzs7u0f2IdHHR2nirI2jUWsegHRTHDJ2sBBsF6iGIkCwbrB5G7mdx+Z0jyWLcgS5kVkJHnIKQEj+Xa16cubCW6dg58PVIS5hKlv15y6MwdeJW5BaqhA07e/BsOYphGTQAXRuu86CXg5UcCpYNPKINUsIXRCRqxvqCQR014+P36KT40yxGGsTEnAc/X3RE4irbMoMJ0RgbFe9mbif14/hfDay7lMUmCSLhaFqcAQ41kSeMgVoyAyQwhV3NyK6ZgoQsHkVTEhuMsvr5LORd116u7DZa1xW8RRRsfoBJ0hF12hBrpHTdRGFGXoGb2iN+vJerHerY9Fa8kqZqroD6zPH91PlEI=</latexit><latexit sha1_base64="QyBFyI4PpYyi+IqPsRAmwcR2EpA=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5qIoBeh6MVjhX5BG8Jmu2mXbjZhdyKEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6u0tr6xuVXeruzs7u0f2IdHHR2nirI2jUWsegHRTHDJ2sBBsF6iGIkCwbrB5G7mdx+Z0jyWLcgS5kVkJHnIKQEj+Xa16cubCW6dg58PVIS5hKlv15y6MwdeJW5BaqhA07e/BsOYphGTQAXRuu86CXg5UcCpYNPKINUsIXRCRqxvqCQR014+P36KT40yxGGsTEnAc/X3RE4irbMoMJ0RgbFe9mbif14/hfDay7lMUmCSLhaFqcAQ41kSeMgVoyAyQwhV3NyK6ZgoQsHkVTEhuMsvr5LORd116u7DZa1xW8RRRsfoBJ0hF12hBrpHTdRGFGXoGb2iN+vJerHerY9Fa8kqZqroD6zPH91PlEI=</latexit>



REACH
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I: Vsh = 5 m , TLC = 4 K, Q = 1043

II: Vsh = 10 m , TLC = 4 K, Q = 1063

III: Vsh = 10 m , TLC = 100 mK, Q = 1073
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freeze-in hEdefi = 10 kV/cm
<latexit sha1_base64="z4cMYcDbIJ+5BiBH85O0dzWIzEw=">AAACHXicbZDLSsNAFIYn3q23qEs3g0VwVRMRFEQQRXCpYFuhCWUyPWmHzkzCzEQoIS/ixldx40IRF27Et3GaZuHtwMDH/5/DmfNHKWfaeN6nMzU9Mzs3v7BYW1peWV1z1zdaOskUhSZNeKJuI6KBMwlNwwyH21QBERGHdjQ8H/vtO1CaJfLGjFIIBelLFjNKjJW67kHAiexzwBfdPFAC9yAucKAm2gn2veAYl8awVeyVQEXRdetewysL/wW/gjqq6qrrvge9hGYCpKGcaN3xvdSEOVGGUQ5FLcg0pIQOSR86FiURoMO8vK7AO1bp4ThR9kmDS/X7RE6E1iMR2U5BzED/9sbif14nM/FRmDOZZgYknSyKM45NgsdR4R5TQA0fWSBUMftXTAdEEWpsoDUbgv/75L/Q2m/4XsO/PqifnlVxLKAttI12kY8O0Sm6RFeoiSi6R4/oGb04D86T8+q8TVqnnGpmE/0o5+MLMU+guA==</latexit><latexit sha1_base64="z4cMYcDbIJ+5BiBH85O0dzWIzEw=">AAACHXicbZDLSsNAFIYn3q23qEs3g0VwVRMRFEQQRXCpYFuhCWUyPWmHzkzCzEQoIS/ixldx40IRF27Et3GaZuHtwMDH/5/DmfNHKWfaeN6nMzU9Mzs3v7BYW1peWV1z1zdaOskUhSZNeKJuI6KBMwlNwwyH21QBERGHdjQ8H/vtO1CaJfLGjFIIBelLFjNKjJW67kHAiexzwBfdPFAC9yAucKAm2gn2veAYl8awVeyVQEXRdetewysL/wW/gjqq6qrrvge9hGYCpKGcaN3xvdSEOVGGUQ5FLcg0pIQOSR86FiURoMO8vK7AO1bp4ThR9kmDS/X7RE6E1iMR2U5BzED/9sbif14nM/FRmDOZZgYknSyKM45NgsdR4R5TQA0fWSBUMftXTAdEEWpsoDUbgv/75L/Q2m/4XsO/PqifnlVxLKAttI12kY8O0Sm6RFeoiSi6R4/oGb04D86T8+q8TVqnnGpmE/0o5+MLMU+guA==</latexit><latexit sha1_base64="z4cMYcDbIJ+5BiBH85O0dzWIzEw=">AAACHXicbZDLSsNAFIYn3q23qEs3g0VwVRMRFEQQRXCpYFuhCWUyPWmHzkzCzEQoIS/ixldx40IRF27Et3GaZuHtwMDH/5/DmfNHKWfaeN6nMzU9Mzs3v7BYW1peWV1z1zdaOskUhSZNeKJuI6KBMwlNwwyH21QBERGHdjQ8H/vtO1CaJfLGjFIIBelLFjNKjJW67kHAiexzwBfdPFAC9yAucKAm2gn2veAYl8awVeyVQEXRdetewysL/wW/gjqq6qrrvge9hGYCpKGcaN3xvdSEOVGGUQ5FLcg0pIQOSR86FiURoMO8vK7AO1bp4ThR9kmDS/X7RE6E1iMR2U5BzED/9sbif14nM/FRmDOZZgYknSyKM45NgsdR4R5TQA0fWSBUMftXTAdEEWpsoDUbgv/75L/Q2m/4XsO/PqifnlVxLKAttI12kY8O0Sm6RFeoiSi6R4/oGb04D86T8+q8TVqnnGpmE/0o5+MLMU+guA==</latexit><latexit sha1_base64="z4cMYcDbIJ+5BiBH85O0dzWIzEw=">AAACHXicbZDLSsNAFIYn3q23qEs3g0VwVRMRFEQQRXCpYFuhCWUyPWmHzkzCzEQoIS/ixldx40IRF27Et3GaZuHtwMDH/5/DmfNHKWfaeN6nMzU9Mzs3v7BYW1peWV1z1zdaOskUhSZNeKJuI6KBMwlNwwyH21QBERGHdjQ8H/vtO1CaJfLGjFIIBelLFjNKjJW67kHAiexzwBfdPFAC9yAucKAm2gn2veAYl8awVeyVQEXRdetewysL/wW/gjqq6qrrvge9hGYCpKGcaN3xvdSEOVGGUQ5FLcg0pIQOSR86FiURoMO8vK7AO1bp4ThR9kmDS/X7RE6E1iMR2U5BzED/9sbif14nM/FRmDOZZgYknSyKM45NgsdR4R5TQA0fWSBUMftXTAdEEWpsoDUbgv/75L/Q2m/4XsO/PqifnlVxLKAttI12kY8O0Sm6RFeoiSi6R4/oGb04D86T8+q8TVqnnGpmE/0o5+MLMU+guA==</latexit>

! = 100 kHz
<latexit sha1_base64="h6WQyfBN88iHrL9SbPaiR7d0InM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJWMCAoiFN10WcE+oDOUTJppQ5PJkGSEOtSNv+LGhSJu/Qt3/o1pOwttPXDhcM693HtPmHCmDULfTmFpeWV1rbhe2tjc2t5xd/eaWqaK0AaRXKp2iDXlLKYNwwyn7URRLEJOW+HwZuK37qnSTMZ3ZpTQQOB+zCJGsLFS1z3wpaB9DK+gh5B/CTNfCTisPYy7bhlV0BRwkXg5KYMc9a775fckSQWNDeFY646HEhNkWBlGOB2X/FTTBJMh7tOOpTEWVAfZ9IMxPLZKD0ZS2YoNnKq/JzIstB6J0HYKbAZ63puI/3md1EQXQcbiJDU0JrNFUcqhkXASB+wxRYnhI0swUczeCskAK0yMDa1kQ/DmX14kzdOKhyre7Vm5ep3HUQSH4AicAA+cgyqogTpoAAIewTN4BW/Ok/PivDsfs9aCk8/sgz9wPn8A78KVRQ==</latexit><latexit sha1_base64="h6WQyfBN88iHrL9SbPaiR7d0InM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJWMCAoiFN10WcE+oDOUTJppQ5PJkGSEOtSNv+LGhSJu/Qt3/o1pOwttPXDhcM693HtPmHCmDULfTmFpeWV1rbhe2tjc2t5xd/eaWqaK0AaRXKp2iDXlLKYNwwyn7URRLEJOW+HwZuK37qnSTMZ3ZpTQQOB+zCJGsLFS1z3wpaB9DK+gh5B/CTNfCTisPYy7bhlV0BRwkXg5KYMc9a775fckSQWNDeFY646HEhNkWBlGOB2X/FTTBJMh7tOOpTEWVAfZ9IMxPLZKD0ZS2YoNnKq/JzIstB6J0HYKbAZ63puI/3md1EQXQcbiJDU0JrNFUcqhkXASB+wxRYnhI0swUczeCskAK0yMDa1kQ/DmX14kzdOKhyre7Vm5ep3HUQSH4AicAA+cgyqogTpoAAIewTN4BW/Ok/PivDsfs9aCk8/sgz9wPn8A78KVRQ==</latexit><latexit sha1_base64="h6WQyfBN88iHrL9SbPaiR7d0InM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJWMCAoiFN10WcE+oDOUTJppQ5PJkGSEOtSNv+LGhSJu/Qt3/o1pOwttPXDhcM693HtPmHCmDULfTmFpeWV1rbhe2tjc2t5xd/eaWqaK0AaRXKp2iDXlLKYNwwyn7URRLEJOW+HwZuK37qnSTMZ3ZpTQQOB+zCJGsLFS1z3wpaB9DK+gh5B/CTNfCTisPYy7bhlV0BRwkXg5KYMc9a775fckSQWNDeFY646HEhNkWBlGOB2X/FTTBJMh7tOOpTEWVAfZ9IMxPLZKD0ZS2YoNnKq/JzIstB6J0HYKbAZ63puI/3md1EQXQcbiJDU0JrNFUcqhkXASB+wxRYnhI0swUczeCskAK0yMDa1kQ/DmX14kzdOKhyre7Vm5ep3HUQSH4AicAA+cgyqogTpoAAIewTN4BW/Ok/PivDsfs9aCk8/sgz9wPn8A78KVRQ==</latexit><latexit sha1_base64="h6WQyfBN88iHrL9SbPaiR7d0InM=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJWMCAoiFN10WcE+oDOUTJppQ5PJkGSEOtSNv+LGhSJu/Qt3/o1pOwttPXDhcM693HtPmHCmDULfTmFpeWV1rbhe2tjc2t5xd/eaWqaK0AaRXKp2iDXlLKYNwwyn7URRLEJOW+HwZuK37qnSTMZ3ZpTQQOB+zCJGsLFS1z3wpaB9DK+gh5B/CTNfCTisPYy7bhlV0BRwkXg5KYMc9a775fckSQWNDeFY646HEhNkWBlGOB2X/FTTBJMh7tOOpTEWVAfZ9IMxPLZKD0ZS2YoNnKq/JzIstB6J0HYKbAZ63puI/3md1EQXQcbiJDU0JrNFUcqhkXASB+wxRYnhI0swUczeCskAK0yMDa1kQ/DmX14kzdOKhyre7Vm5ep3HUQSH4AicAA+cgyqogTpoAAIewTN4BW/Ok/PivDsfs9aCk8/sgz9wPn8A78KVRQ==</latexit>

tint = year
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CONCLUSION

•Simple idea with the potential of solving some of the challenges of 
light dark matter detection 

•Robust technological implementation for a well motivated target  

•Interesting new avenues of investigation:  

•Focusing/trapping of DM 

•Spin-coupled forces



BACKUP



PARAMETRICS

⇢�(~x, t) =
eqe↵
2

n�

1X

j=0

(1)j
Z

d~xid~vif(~vi)�
3(~x� ~xdef)

<latexit sha1_base64="7oXkfPfqIH1hHDu0iNbRD5CeX3U="></latexit><latexit sha1_base64="7oXkfPfqIH1hHDu0iNbRD5CeX3U="></latexit><latexit sha1_base64="7oXkfPfqIH1hHDu0iNbRD5CeX3U="></latexit><latexit sha1_base64="7oXkfPfqIH1hHDu0iNbRD5CeX3U="></latexit>

~xdef = ~xfree +�~x
<latexit sha1_base64="jMc1mv4umKbCPJiV17cvZ4Usw2M=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0UQhJIUQTdCURcuK9gHNKFMJjft0MmDmUmxhP6HG3/FjQtFXAku/BunbQRtPXDhcM693HuPl3AmlWV9GYWl5ZXVteJ6aWNza3vH3N1ryjgVFBo05rFoe0QCZxE0FFMc2okAEnocWt7gauK3hiAki6M7NUrADUkvYgGjRGmpa1adIVB8380cEWIfgjG+wL+lQACMT5xr4Ir8GGbZqlhT4EVi56SMctS75ofjxzQNIVKUEyk7tpUoNyNCMcphXHJSCQmhA9KDjqYRCUG62fS3MT7Sio+DWOiKFJ6qvycyEko5Cj3dGRLVl/PeRPzP66QqOHczFiWpgojOFgUpxyrGk6CwzwRQxUeaECqYvhXTPhGEKh1nSYdgz7+8SJrVim1V7NvTcu0yj6OIDtAhOkY2OkM1dIPqqIEoekBP6AW9Go/Gs/FmvM9aC0Y+s4/+wPj8Bou8oHg=</latexit><latexit sha1_base64="jMc1mv4umKbCPJiV17cvZ4Usw2M=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0UQhJIUQTdCURcuK9gHNKFMJjft0MmDmUmxhP6HG3/FjQtFXAku/BunbQRtPXDhcM693HuPl3AmlWV9GYWl5ZXVteJ6aWNza3vH3N1ryjgVFBo05rFoe0QCZxE0FFMc2okAEnocWt7gauK3hiAki6M7NUrADUkvYgGjRGmpa1adIVB8380cEWIfgjG+wL+lQACMT5xr4Ir8GGbZqlhT4EVi56SMctS75ofjxzQNIVKUEyk7tpUoNyNCMcphXHJSCQmhA9KDjqYRCUG62fS3MT7Sio+DWOiKFJ6qvycyEko5Cj3dGRLVl/PeRPzP66QqOHczFiWpgojOFgUpxyrGk6CwzwRQxUeaECqYvhXTPhGEKh1nSYdgz7+8SJrVim1V7NvTcu0yj6OIDtAhOkY2OkM1dIPqqIEoekBP6AW9Go/Gs/FmvM9aC0Y+s4/+wPj8Bou8oHg=</latexit><latexit sha1_base64="jMc1mv4umKbCPJiV17cvZ4Usw2M=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0UQhJIUQTdCURcuK9gHNKFMJjft0MmDmUmxhP6HG3/FjQtFXAku/BunbQRtPXDhcM693HuPl3AmlWV9GYWl5ZXVteJ6aWNza3vH3N1ryjgVFBo05rFoe0QCZxE0FFMc2okAEnocWt7gauK3hiAki6M7NUrADUkvYgGjRGmpa1adIVB8380cEWIfgjG+wL+lQACMT5xr4Ir8GGbZqlhT4EVi56SMctS75ofjxzQNIVKUEyk7tpUoNyNCMcphXHJSCQmhA9KDjqYRCUG62fS3MT7Sio+DWOiKFJ6qvycyEko5Cj3dGRLVl/PeRPzP66QqOHczFiWpgojOFgUpxyrGk6CwzwRQxUeaECqYvhXTPhGEKh1nSYdgz7+8SJrVim1V7NvTcu0yj6OIDtAhOkY2OkM1dIPqqIEoekBP6AW9Go/Gs/FmvM9aC0Y+s4/+wPj8Bou8oHg=</latexit><latexit sha1_base64="jMc1mv4umKbCPJiV17cvZ4Usw2M=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0UQhJIUQTdCURcuK9gHNKFMJjft0MmDmUmxhP6HG3/FjQtFXAku/BunbQRtPXDhcM693HuPl3AmlWV9GYWl5ZXVteJ6aWNza3vH3N1ryjgVFBo05rFoe0QCZxE0FFMc2okAEnocWt7gauK3hiAki6M7NUrADUkvYgGjRGmpa1adIVB8380cEWIfgjG+wL+lQACMT5xr4Ir8GGbZqlhT4EVi56SMctS75ofjxzQNIVKUEyk7tpUoNyNCMcphXHJSCQmhA9KDjqYRCUG62fS3MT7Sio+DWOiKFJ6qvycyEko5Cj3dGRLVl/PeRPzP66QqOHczFiWpgojOFgUpxyrGk6CwzwRQxUeaECqYvhXTPhGEKh1nSYdgz7+8SJrVim1V7NvTcu0yj6OIDtAhOkY2OkM1dIPqqIEoekBP6AW9Go/Gs/FmvM9aC0Y+s4/+wPj8Bou8oHg=</latexit>

⇢�(~x, t) ⇡
eqe↵
2

n�

1X

j=0

(1)j
Z

d~vif(~vi)r ·�~x

<latexit sha1_base64="JI4d/AbEsF1F1vm9G+lCYUr2Yho="></latexit><latexit sha1_base64="JI4d/AbEsF1F1vm9G+lCYUr2Yho="></latexit><latexit sha1_base64="JI4d/AbEsF1F1vm9G+lCYUr2Yho="></latexit><latexit sha1_base64="JI4d/AbEsF1F1vm9G+lCYUr2Yho="></latexit>

�~x ⇡ (�1)j
eqe↵
m�

Z
d⌧⌧Edef(~xfree � ~v⌧, t� ⌧)

<latexit sha1_base64="nHn04lsJ68feFlAile282gn/Rrg="></latexit><latexit sha1_base64="nHn04lsJ68feFlAile282gn/Rrg="></latexit><latexit sha1_base64="nHn04lsJ68feFlAile282gn/Rrg="></latexit><latexit sha1_base64="nHn04lsJ68feFlAile282gn/Rrg="></latexit>

⇢� ⇠ q2e↵⇢defR
2
def ⇠ q2e↵EdefRdef

<latexit sha1_base64="oMaV5NtKTc4wjFNjqOYFbx/+Ba0=">AAACTXicbVHNS8MwHE3n9/yaevQSHIKn0Yqgx6EIHqe4Kay1pOmva1jS1iQVRtk/6EXw5n/hxYMiYloHfswHgcd778cveQkyzpS27SerNjM7N7+wuFRfXlldW29sbPZUmksKXZryVF4HRAFnCXQ10xyuMwlEBByuguFJ6V/dgVQsTS71KANPkEHCIkaJNpLfCF0Zp75LY4ZdxQS+9QtXCgxRNL7Zx5VZCSFEY3zxzUtzOn/6f9hvNO2WXQFPE2dCmmiCjt94dMOU5gISTTlRqu/YmfYKIjWjHMZ1N1eQETokA+gbmhAByiuqNsZ41yghjlJpTqJxpf6cKIhQaiQCkxREx+qvV4r/ef1cR0dewZIs15DQr0VRzrFOcVktDpkEqvnIEEIlM3fFNCaSUG0+oG5KcP4+eZr09luO3XLOD5rt40kdi2gb7aA95KBD1EZnqIO6iKJ79Ixe0Zv1YL1Y79bHV7RmTWa20C/UFj4BLDaz3A==</latexit><latexit sha1_base64="oMaV5NtKTc4wjFNjqOYFbx/+Ba0=">AAACTXicbVHNS8MwHE3n9/yaevQSHIKn0Yqgx6EIHqe4Kay1pOmva1jS1iQVRtk/6EXw5n/hxYMiYloHfswHgcd778cveQkyzpS27SerNjM7N7+wuFRfXlldW29sbPZUmksKXZryVF4HRAFnCXQ10xyuMwlEBByuguFJ6V/dgVQsTS71KANPkEHCIkaJNpLfCF0Zp75LY4ZdxQS+9QtXCgxRNL7Zx5VZCSFEY3zxzUtzOn/6f9hvNO2WXQFPE2dCmmiCjt94dMOU5gISTTlRqu/YmfYKIjWjHMZ1N1eQETokA+gbmhAByiuqNsZ41yghjlJpTqJxpf6cKIhQaiQCkxREx+qvV4r/ef1cR0dewZIs15DQr0VRzrFOcVktDpkEqvnIEEIlM3fFNCaSUG0+oG5KcP4+eZr09luO3XLOD5rt40kdi2gb7aA95KBD1EZnqIO6iKJ79Ixe0Zv1YL1Y79bHV7RmTWa20C/UFj4BLDaz3A==</latexit><latexit sha1_base64="oMaV5NtKTc4wjFNjqOYFbx/+Ba0=">AAACTXicbVHNS8MwHE3n9/yaevQSHIKn0Yqgx6EIHqe4Kay1pOmva1jS1iQVRtk/6EXw5n/hxYMiYloHfswHgcd778cveQkyzpS27SerNjM7N7+wuFRfXlldW29sbPZUmksKXZryVF4HRAFnCXQ10xyuMwlEBByuguFJ6V/dgVQsTS71KANPkEHCIkaJNpLfCF0Zp75LY4ZdxQS+9QtXCgxRNL7Zx5VZCSFEY3zxzUtzOn/6f9hvNO2WXQFPE2dCmmiCjt94dMOU5gISTTlRqu/YmfYKIjWjHMZ1N1eQETokA+gbmhAByiuqNsZ41yghjlJpTqJxpf6cKIhQaiQCkxREx+qvV4r/ef1cR0dewZIs15DQr0VRzrFOcVktDpkEqvnIEEIlM3fFNCaSUG0+oG5KcP4+eZr09luO3XLOD5rt40kdi2gb7aA95KBD1EZnqIO6iKJ79Ixe0Zv1YL1Y79bHV7RmTWa20C/UFj4BLDaz3A==</latexit><latexit sha1_base64="oMaV5NtKTc4wjFNjqOYFbx/+Ba0=">AAACTXicbVHNS8MwHE3n9/yaevQSHIKn0Yqgx6EIHqe4Kay1pOmva1jS1iQVRtk/6EXw5n/hxYMiYloHfswHgcd778cveQkyzpS27SerNjM7N7+wuFRfXlldW29sbPZUmksKXZryVF4HRAFnCXQ10xyuMwlEBByuguFJ6V/dgVQsTS71KANPkEHCIkaJNpLfCF0Zp75LY4ZdxQS+9QtXCgxRNL7Zx5VZCSFEY3zxzUtzOn/6f9hvNO2WXQFPE2dCmmiCjt94dMOU5gISTTlRqu/YmfYKIjWjHMZ1N1eQETokA+gbmhAByiuqNsZ41yghjlJpTqJxpf6cKIhQaiQCkxREx+qvV4r/ef1cR0dewZIs15DQr0VRzrFOcVktDpkEqvnIEEIlM3fFNCaSUG0+oG5KcP4+eZr09luO3XLOD5rt40kdi2gb7aA95KBD1EZnqIO6iKJ79Ixe0Zv1YL1Y79bHV7RmTWa20C/UFj4BLDaz3A==</latexit>



PARAMETRICS

Esignal ⇠ ⇢�Rdetector
<latexit sha1_base64="ZQ8g+eiLNhqs/PH43nydCtd6hkM=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiuSiKCLosiuKxiH9CEMJlO2qHzCDMToYT8hRt/xY0LRdzqzr9x2mahrQcGDufcy51z4pRRbTzv21laXlldW69sVDe3tnd23b39tpaZwqSFJZOqGyNNGBWkZahhpJsqgnjMSCceXU38zgNRmkpxb8YpCTkaCJpQjIyVIrd+HeWB4lDTgUCsgIGmHAZqKKMADym8m7l9Ygg2UhWRW/Pq3hRwkfglqYESzcj9CvoSZ5wIgxnSuud7qQlzpAzFjBTVINMkRXiEBqRnqUCc6DCf5irgsVX6MJHKPmHgVP29kSOu9ZjHdpIjM9Tz3kT8z+tlJrkIcyrSzBCBZ4eSjEEj4aQk2KfK5mVjSxBW1P4V4iFSCBtbZdWW4M9HXiTt07rv1f3bs1rjsqyjAg7BETgBPjgHDXADmqAFMHgEz+AVvDlPzovz7nzMRpeccucA/IHz+QMap5/j</latexit><latexit sha1_base64="ZQ8g+eiLNhqs/PH43nydCtd6hkM=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiuSiKCLosiuKxiH9CEMJlO2qHzCDMToYT8hRt/xY0LRdzqzr9x2mahrQcGDufcy51z4pRRbTzv21laXlldW69sVDe3tnd23b39tpaZwqSFJZOqGyNNGBWkZahhpJsqgnjMSCceXU38zgNRmkpxb8YpCTkaCJpQjIyVIrd+HeWB4lDTgUCsgIGmHAZqKKMADym8m7l9Ygg2UhWRW/Pq3hRwkfglqYESzcj9CvoSZ5wIgxnSuud7qQlzpAzFjBTVINMkRXiEBqRnqUCc6DCf5irgsVX6MJHKPmHgVP29kSOu9ZjHdpIjM9Tz3kT8z+tlJrkIcyrSzBCBZ4eSjEEj4aQk2KfK5mVjSxBW1P4V4iFSCBtbZdWW4M9HXiTt07rv1f3bs1rjsqyjAg7BETgBPjgHDXADmqAFMHgEz+AVvDlPzovz7nzMRpeccucA/IHz+QMap5/j</latexit><latexit sha1_base64="ZQ8g+eiLNhqs/PH43nydCtd6hkM=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiuSiKCLosiuKxiH9CEMJlO2qHzCDMToYT8hRt/xY0LRdzqzr9x2mahrQcGDufcy51z4pRRbTzv21laXlldW69sVDe3tnd23b39tpaZwqSFJZOqGyNNGBWkZahhpJsqgnjMSCceXU38zgNRmkpxb8YpCTkaCJpQjIyVIrd+HeWB4lDTgUCsgIGmHAZqKKMADym8m7l9Ygg2UhWRW/Pq3hRwkfglqYESzcj9CvoSZ5wIgxnSuud7qQlzpAzFjBTVINMkRXiEBqRnqUCc6DCf5irgsVX6MJHKPmHgVP29kSOu9ZjHdpIjM9Tz3kT8z+tlJrkIcyrSzBCBZ4eSjEEj4aQk2KfK5mVjSxBW1P4V4iFSCBtbZdWW4M9HXiTt07rv1f3bs1rjsqyjAg7BETgBPjgHDXADmqAFMHgEz+AVvDlPzovz7nzMRpeccucA/IHz+QMap5/j</latexit><latexit sha1_base64="ZQ8g+eiLNhqs/PH43nydCtd6hkM=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiuSiKCLosiuKxiH9CEMJlO2qHzCDMToYT8hRt/xY0LRdzqzr9x2mahrQcGDufcy51z4pRRbTzv21laXlldW69sVDe3tnd23b39tpaZwqSFJZOqGyNNGBWkZahhpJsqgnjMSCceXU38zgNRmkpxb8YpCTkaCJpQjIyVIrd+HeWB4lDTgUCsgIGmHAZqKKMADym8m7l9Ygg2UhWRW/Pq3hRwkfglqYESzcj9CvoSZ5wIgxnSuud7qQlzpAzFjBTVINMkRXiEBqRnqUCc6DCf5irgsVX6MJHKPmHgVP29kSOu9ZjHdpIjM9Tz3kT8z+tlJrkIcyrSzBCBZ4eSjEEj4aQk2KfK5mVjSxBW1P4V4iFSCBtbZdWW4M9HXiTt07rv1f3bs1rjsqyjAg7BETgBPjgHDXADmqAFMHgEz+AVvDlPzovz7nzMRpeccucA/IHz+QMap5/j</latexit>

SNR ⇠ E2
signalVdetector ⇠ q4e↵E

2
deflectorV

2/3
deflectorV

5/3
detector

<latexit sha1_base64="9cIdNrr7GTUn4b+ypARhlbA9CHE="></latexit><latexit sha1_base64="9cIdNrr7GTUn4b+ypARhlbA9CHE="></latexit><latexit sha1_base64="9cIdNrr7GTUn4b+ypARhlbA9CHE="></latexit><latexit sha1_base64="9cIdNrr7GTUn4b+ypARhlbA9CHE="></latexit>

⇢� ⇠ q2e↵EdeflectorRdeflector
<latexit sha1_base64="8C3d5rmXV0K6I3lzxv9GjYtPO2s=">AAACKXicbVDLSgMxFM3UV62vqks3wSK4KjNF0GVRBJdV7AM6dcikd9rQZDImGaEM/R03/oobBUXd+iOmj4W2HgicnHMvyTlhwpk2rvvp5JaWV1bX8uuFjc2t7Z3i7l5Dy1RRqFPJpWqFRANnMdQNMxxaiQIiQg7NcHAx9psPoDST8a0ZJtARpBeziFFirBQUq77qy8CnfYZ9zQS+DzJfCQxRNLqr4MvprQsRB2qkGuGbeSUoltyyOwFeJN6MlNAMtaD46nclTQXEhnKiddtzE9PJiDKMchgV/FRDQuiA9KBtaUwE6E42STrCR1bp4kgqe2KDJ+rvjYwIrYcitJOCmL6e98bif147NdFZJ2NxkhqI6fShKOXYSDyuDXeZsnn50BJCFbN/xbRPFKHGlluwJXjzkRdJo1L23LJ3fVKqns/qyKMDdIiOkYdOURVdoRqqI4oe0TN6Q+/Ok/PifDhf09GcM9vZR3/gfP8AKPOnMw==</latexit><latexit sha1_base64="8C3d5rmXV0K6I3lzxv9GjYtPO2s=">AAACKXicbVDLSgMxFM3UV62vqks3wSK4KjNF0GVRBJdV7AM6dcikd9rQZDImGaEM/R03/oobBUXd+iOmj4W2HgicnHMvyTlhwpk2rvvp5JaWV1bX8uuFjc2t7Z3i7l5Dy1RRqFPJpWqFRANnMdQNMxxaiQIiQg7NcHAx9psPoDST8a0ZJtARpBeziFFirBQUq77qy8CnfYZ9zQS+DzJfCQxRNLqr4MvprQsRB2qkGuGbeSUoltyyOwFeJN6MlNAMtaD46nclTQXEhnKiddtzE9PJiDKMchgV/FRDQuiA9KBtaUwE6E42STrCR1bp4kgqe2KDJ+rvjYwIrYcitJOCmL6e98bif147NdFZJ2NxkhqI6fShKOXYSDyuDXeZsnn50BJCFbN/xbRPFKHGlluwJXjzkRdJo1L23LJ3fVKqns/qyKMDdIiOkYdOURVdoRqqI4oe0TN6Q+/Ok/PifDhf09GcM9vZR3/gfP8AKPOnMw==</latexit><latexit sha1_base64="8C3d5rmXV0K6I3lzxv9GjYtPO2s=">AAACKXicbVDLSgMxFM3UV62vqks3wSK4KjNF0GVRBJdV7AM6dcikd9rQZDImGaEM/R03/oobBUXd+iOmj4W2HgicnHMvyTlhwpk2rvvp5JaWV1bX8uuFjc2t7Z3i7l5Dy1RRqFPJpWqFRANnMdQNMxxaiQIiQg7NcHAx9psPoDST8a0ZJtARpBeziFFirBQUq77qy8CnfYZ9zQS+DzJfCQxRNLqr4MvprQsRB2qkGuGbeSUoltyyOwFeJN6MlNAMtaD46nclTQXEhnKiddtzE9PJiDKMchgV/FRDQuiA9KBtaUwE6E42STrCR1bp4kgqe2KDJ+rvjYwIrYcitJOCmL6e98bif147NdFZJ2NxkhqI6fShKOXYSDyuDXeZsnn50BJCFbN/xbRPFKHGlluwJXjzkRdJo1L23LJ3fVKqns/qyKMDdIiOkYdOURVdoRqqI4oe0TN6Q+/Ok/PifDhf09GcM9vZR3/gfP8AKPOnMw==</latexit><latexit sha1_base64="8C3d5rmXV0K6I3lzxv9GjYtPO2s=">AAACKXicbVDLSgMxFM3UV62vqks3wSK4KjNF0GVRBJdV7AM6dcikd9rQZDImGaEM/R03/oobBUXd+iOmj4W2HgicnHMvyTlhwpk2rvvp5JaWV1bX8uuFjc2t7Z3i7l5Dy1RRqFPJpWqFRANnMdQNMxxaiQIiQg7NcHAx9psPoDST8a0ZJtARpBeziFFirBQUq77qy8CnfYZ9zQS+DzJfCQxRNLqr4MvprQsRB2qkGuGbeSUoltyyOwFeJN6MlNAMtaD46nclTQXEhnKiddtzE9PJiDKMchgV/FRDQuiA9KBtaUwE6E42STrCR1bp4kgqe2KDJ+rvjYwIrYcitJOCmL6e98bif147NdFZJ2NxkhqI6fShKOXYSDyuDXeZsnn50BJCFbN/xbRPFKHGlluwJXjzkRdJo1L23LJ3fVKqns/qyKMDdIiOkYdOURVdoRqqI4oe0TN6Q+/Ok/PifDhf09GcM9vZR3/gfP8AKPOnMw==</latexit>



SELF-INTERACTIONS

↵0 . 10�10
⇣ m�

MeV

⌘3/2

<latexit sha1_base64="mf0mo7vX2UMLEBoIn8xYKeVsxtw="></latexit><latexit sha1_base64="mf0mo7vX2UMLEBoIn8xYKeVsxtw="></latexit><latexit sha1_base64="mf0mo7vX2UMLEBoIn8xYKeVsxtw="></latexit><latexit sha1_base64="mf0mo7vX2UMLEBoIn8xYKeVsxtw="></latexit>

Freeze-In: ↵0 ' 10�24

✏2
MeV

m�
<latexit sha1_base64="Ifm3kqZssGzxl0P9jEUmcuZCEG4="></latexit><latexit sha1_base64="Ifm3kqZssGzxl0P9jEUmcuZCEG4="></latexit><latexit sha1_base64="Ifm3kqZssGzxl0P9jEUmcuZCEG4="></latexit><latexit sha1_base64="Ifm3kqZssGzxl0P9jEUmcuZCEG4="></latexit>

Self-Interaction 
Bound:

Minimum dark 
photon coupling: ✏ & 10�7

✓
MeV

m�

◆5/4

<latexit sha1_base64="fP3pFRBNOuTbWaffPOF+fuqN13U="></latexit><latexit sha1_base64="fP3pFRBNOuTbWaffPOF+fuqN13U="></latexit><latexit sha1_base64="fP3pFRBNOuTbWaffPOF+fuqN13U="></latexit><latexit sha1_base64="fP3pFRBNOuTbWaffPOF+fuqN13U="></latexit>



VECTOR MEDIATORS

(viable for
sub-MeV freeze-in)

m�1
A0 � meter

<latexit sha1_base64="lk+qlWcmk23wnIVxemdkspVBcqw=">AAACCnicdVBNSwMxEM36WetX1aOXaBG8WBIRrbeqF48VbBW6tWTTaQ0mu0uSFcqyZy/+FS8eFPHqL/DmvzHbVlDRBwOP92aYmRfEUhhLyIc3MTk1PTNbmCvOLywuLZdWVpsmSjSHBo9kpC8DZkCKEBpWWAmXsQamAgkXwc1J7l/cgjYiCs/tIIa2Yv1Q9ARn1kmd0obqpEdXfqyFguwq3aEZ9vt9nPpaYQUWdNYplUmFEEIpxTmhB/vEkcPD6i6tYppbDmU0Rr1Teve7EU8UhJZLZkyLkti2U6at4BKyop8YiBm/YX1oORoyBaadDl/J8JZTurgXaVehxUP1+0TKlDEDFbhOxey1+e3l4l9eK7G9ajsVYZxYCPloUS+R2EY4zwV3hQZu5cARxrVwt2J+zTTjLgNTdCF8fYr/J83dCiUVerZXrh2P4yigdbSJthFFB6iGTlEdNRBHd+gBPaFn79579F6811HrhDeeWUM/4L19AjBWmpU=</latexit><latexit sha1_base64="lk+qlWcmk23wnIVxemdkspVBcqw=">AAACCnicdVBNSwMxEM36WetX1aOXaBG8WBIRrbeqF48VbBW6tWTTaQ0mu0uSFcqyZy/+FS8eFPHqL/DmvzHbVlDRBwOP92aYmRfEUhhLyIc3MTk1PTNbmCvOLywuLZdWVpsmSjSHBo9kpC8DZkCKEBpWWAmXsQamAgkXwc1J7l/cgjYiCs/tIIa2Yv1Q9ARn1kmd0obqpEdXfqyFguwq3aEZ9vt9nPpaYQUWdNYplUmFEEIpxTmhB/vEkcPD6i6tYppbDmU0Rr1Teve7EU8UhJZLZkyLkti2U6at4BKyop8YiBm/YX1oORoyBaadDl/J8JZTurgXaVehxUP1+0TKlDEDFbhOxey1+e3l4l9eK7G9ajsVYZxYCPloUS+R2EY4zwV3hQZu5cARxrVwt2J+zTTjLgNTdCF8fYr/J83dCiUVerZXrh2P4yigdbSJthFFB6iGTlEdNRBHd+gBPaFn79579F6811HrhDeeWUM/4L19AjBWmpU=</latexit><latexit sha1_base64="lk+qlWcmk23wnIVxemdkspVBcqw=">AAACCnicdVBNSwMxEM36WetX1aOXaBG8WBIRrbeqF48VbBW6tWTTaQ0mu0uSFcqyZy/+FS8eFPHqL/DmvzHbVlDRBwOP92aYmRfEUhhLyIc3MTk1PTNbmCvOLywuLZdWVpsmSjSHBo9kpC8DZkCKEBpWWAmXsQamAgkXwc1J7l/cgjYiCs/tIIa2Yv1Q9ARn1kmd0obqpEdXfqyFguwq3aEZ9vt9nPpaYQUWdNYplUmFEEIpxTmhB/vEkcPD6i6tYppbDmU0Rr1Teve7EU8UhJZLZkyLkti2U6at4BKyop8YiBm/YX1oORoyBaadDl/J8JZTurgXaVehxUP1+0TKlDEDFbhOxey1+e3l4l9eK7G9ajsVYZxYCPloUS+R2EY4zwV3hQZu5cARxrVwt2J+zTTjLgNTdCF8fYr/J83dCiUVerZXrh2P4yigdbSJthFFB6iGTlEdNRBHd+gBPaFn79579F6811HrhDeeWUM/4L19AjBWmpU=</latexit><latexit sha1_base64="lk+qlWcmk23wnIVxemdkspVBcqw=">AAACCnicdVBNSwMxEM36WetX1aOXaBG8WBIRrbeqF48VbBW6tWTTaQ0mu0uSFcqyZy/+FS8eFPHqL/DmvzHbVlDRBwOP92aYmRfEUhhLyIc3MTk1PTNbmCvOLywuLZdWVpsmSjSHBo9kpC8DZkCKEBpWWAmXsQamAgkXwc1J7l/cgjYiCs/tIIa2Yv1Q9ARn1kmd0obqpEdXfqyFguwq3aEZ9vt9nPpaYQUWdNYplUmFEEIpxTmhB/vEkcPD6i6tYppbDmU0Rr1Teve7EU8UhJZLZkyLkti2U6at4BKyop8YiBm/YX1oORoyBaadDl/J8JZTurgXaVehxUP1+0TKlDEDFbhOxey1+e3l4l9eK7G9ajsVYZxYCPloUS+R2EY4zwV3hQZu5cARxrVwt2J+zTTjLgNTdCF8fYr/J83dCiUVerZXrh2P4yigdbSJthFFB6iGTlEdNRBHd+gBPaFn79579F6811HrhDeeWUM/4L19AjBWmpU=</latexit>

✏ & 10�7

✓
MeV

m�

◆5/4

<latexit sha1_base64="fP3pFRBNOuTbWaffPOF+fuqN13U="></latexit><latexit sha1_base64="fP3pFRBNOuTbWaffPOF+fuqN13U="></latexit><latexit sha1_base64="fP3pFRBNOuTbWaffPOF+fuqN13U="></latexit><latexit sha1_base64="fP3pFRBNOuTbWaffPOF+fuqN13U="></latexit>


